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EDITORIAL 


This  issue  of  the  Virginia  Journal  of  Science  will  be  the 
last  under  my  editorship.  It  hardly  seems  possible  to  me  that 
I  have  edited  this  Journal  for  over  5  years.  During  that  time 
the  Journal  has  gone  from  a  large,  thick,  glossy,  typeset  publi¬ 
cation  to  a  small,  thin,  matte,  photo-reproduced  one--hardly 
something  an  editor  can  chalk  up  as  a  positive  accomplishment. 
However,  when  I  became  editor  of  the  Journal  the  Academy  had 
cut  its  budget  to  l/3  it  former  level,  and  there  was  strong 
sentiment  that  the  Journal  should  be  reduced  to  one  issue  (a 
Proceedings  issue)  per  year,  or  even  discontinued.  That  reduced 
budget  has  remained  constant  despite  the  fact  that  three  years 
with  the  highest  inflation  in  American  history  occurred  during 
the  last  five  years.  The  wonder,  then,  is  that  the  Journal  has 
survived  at  all.  The  recent  poll  of  readers  revealed  that  85^ 
of  respondents  favored  keeping  the  Journal  in  its  present  form 
rather  than  reducing  it  to  one  (Proceedings)  issue  a  year.  The 
continuation  of  the  Journal  as  a  quarterly  Journal  seems  assured. 

I  wish  to  thank  the  many  who  aided  me  during  my  time  as 
editor.  The  Council  of  the  Academy,  even  if  miserly  in  its 
budgeting,  has  been  generous  in  its  patience,  praise,  and  moral 
support.  Dr.  Dale  Ulrich,  Dr.  John  Wise,  Mr.  Frank  Kizer,  and 
Dr.  Norman  Fashing  were  all  very  supportive  in  this  whole  en¬ 
deavor.  Without  the  help  of  the  many  dozens  of  reviewers  the 
job  simply  could  not  have  been  done.  The  authors  have  been 
unfailingly  patient  despite  many  seemingly  interminable  delays 
in  the  processing  of  manuscripts.  The  members  of  the  Academy 
have  put  up  with  irregular  schedules  of  printing  with  (usually) 
good  humor.  Mr.  Rick  Kinkead  of  Good  Printers,  Inc.  has  been 
an  invaluable  coworker  during  the  entire  period  of  my  editor¬ 
ship.  To  all  these  people,  I  extend  heartfelt  thanks. 

V* 

May  all  your  manus(^pts  be  publishable  ones  I 
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Seasonal  Occurrence  Patterns  of  Fishes  in  a 
Thermally  Enriched  Stream 

Eugene  G.  Maurakis 

Potomac  Electric  Power  Company 
Washington,  D.C.  20068 

and 

William  S.  Woolcott 

University  of  Richmond 
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ABSTPACT 


Nearshore  seasonal  distributional  patterns  of  16  species  of  fishes 
were  determined  in  natural  and  artificially  heated  areas  in  a  9.6  km 
stretch  of  the  James  River,  Virginia  from  July  1973  to  June  1974. 

Percent  frequency  of  occurrence  of  individual  species  collected  by 
electrofishing  at  shore  areas  during  daylight  hours  was  analyzed  with 
correlation  tests  for  determining  seasonal  patterns  of  species  with 
similar  distributions.  The  r  correlation  coefficient  tested  signifi¬ 
cance  (p=.05)  among  patterns  and  between  patterns  and  data  for  water 
temperature,  river  flow,  photoperiod,  suspended  solids  and  benthic 
macroinvertebrate  abundance.  Five  seasonal  patterns,  composed  of  one 
to  six  species  per  pattern,  were  identified  at  natural  temperature 
sites.  Five  seasonal  patterns  also  were  identified  at  artifically 
elevated  temperature  locations,  with  two  to  six  species  per  pattern. 
Peaks  in  percent  frequency  of  occurrence  of  fishes  at  ambient  tempera¬ 
ture  areas  were  related  to  spawning  and  feeding  whereas  low  values 
were  probably  associated  with  winter  quiescence.  The  diversity  of 
seasonal  distributional  patterns  in  areas  of  artifically  elevated  tem¬ 
perature  probably  reflected  the  avoidance  of  and  tolerance  to  elevated 
temperature  by  different  species.  Conclusions  inferred  from  this  study 
and  applicable  to  similar  investigations  are  (1)  seasonal  patterns  are 
primarily  temperature  dependent,  providing  other  environmental  factors 
remain  within  the  limits  of  annual  averages  and  (2)  the  species  re¬ 
flect  the  temperature  dependent  factors,  reproduction,  food  availability 
and  winter  quiescence. 


INTRODUCTION 


Although  fish  species  within  a  community  occupy  different  niches, 
many  may  exhibit  similar  distributional  patterns  in  near-shore  lotic 
habitats  relative  to  seasonal  changes  in  the  physical  environment. 
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Temperature  has  been  recognized  as  one  of  the  more  important  factors  i 

affecting  ichthyofaunal  distribution.  It  limits  both  the  broad  geo-  ] 

graphical  and  local  distributions  of  fishes  in  riverine  systems  ' 

(Hynes,  1970).  In  temperate  zones,  temperature  is  the  principal  -  } 

physical  control  of  the  two  prime  biological  activities,  feeding  and  '  i 
reproduction.  Fishes  move  to  the  banks  in  warmer  weather  for  these 
functions  (Breder  and  Rosen,  1966)  i  in  winter  riverine  fishes  move  i 

into  deeper  water  and  thereby  avoid  varying  temperatures  near  the  bank  '  I 
(Nikolsky,  1963;  Hynes,  1970).  'I 

\7hether  a  species  is  present  in  a  particular  habitat  during  some  I 
portion  of  a  year  reflects  the  effect  of  temperature  on  a  fish's  acti-  ,[ 
vities,  providing  other  physical  elements  of  the  environment  do  not  i 

exceed  normal  yearly  extremes  (i.e., there  are  characteristic  seasonal  .J 

patterns  x-jhich  are  influenced  by  temperature  and  extreme  conditions).  ■  I 

Fishes  are  inherently  adapted  to  natural  changes  in  seasonal  tempera-  J 
ture,  and  unless  ambient  temperatures  are  drastically  altered,  the 
yearly  seasonal  distributional  patterns  of  fishes  remain  the  same. 

Natural  temperature  fluctuations  in  the  Piedmont  section  of  the  ^  i 
James  River  are  consistent  with  those  of  other  temperature  zone  rivers,  ^■f 
The  only  artificial  thermal  alteration  in  the  immediate  study  area  was  ‘  I 
a  heated  effluent  from  a  power  station.  The  temperature  differential,  I 
limited  to  the  north  side  of  the  river,  varied  with  station  operation  | 
and  river  discharge.  An  effort  was  made  to  identify  near-shore  sea-  1 

sonal  distributional  patterns  and  the  species  composition  of  each  pattern  r 
in  zones  of  ambient  temperature  and  artificially  elevated  temperature  ■ -y 
in  this  part  of  the  James  River. 


STUDY  AREA 


i 

li 


Pertinent  characteristics  of  the  river  are  taken  from  a  more  com-  ? 

prehensive  description  by  Kirk  (1974).  The  research  area  was  a  9.6  km  ! 

stretch  of  the  James  River  near  Bremo  Bluff,  Virginia,  in  the  center  ! 

of  the  Piedmont  Province.  The  river  is  approximately  230  m  wide  and  1 

has  a  bottom  of  bedrock  with  scattered  boulders  and  rubble  areas.  Mud,  ; 
sand  and  debris  that  rarely  extend  beyond  five  m  from  the  bank  charac- 
terize  the  shore.  River  velocity  near  the  shore  is  moderate- to-fast  ; 

except  where  debris,  partially  submerged  tree  limbs,  or  islands  create  I 

areas  of  backwater.  The  river  gradient  is  about  9,6  m/km  from  an  ele-  | 

vation  of  77.22  m  at  Scottsville  (20  km  above  Bremo  Bluff)  to  49.23  | 

m  at  Cartersville  (30.4  km  below  Bremo  Bluff).  Ii 

On  the  average,  river  discharge  was  lowest  (48  m^sec)  in  autumn, 
increased  through  winter  to  a  peak  af  about  480  mVsec  in  spring,  and 
declined  thereafter.  Exposed  substrate  composition  along  banks  varied  'j; 
with  discharge.  During  low  to  intermediate  water  levels  (110-280  mVsec); 
in  pools  with  15  m/sec  pools  and  riffles,  the  bottom  near  the  shore  was  ! 

of  mixed  sand  and  rubble;  during  high  flow  (  >  280  mVsec),  when  banks 

were  inundated,  the  substrates  were  mud  and  debris. 

The  Virginia  Electric  and  Power  Company  (VEPCO)  operated  a  210 
megawatt  fossil-fueled,  swing  load  power  facility  adjacent  to  the  north 
bank  of  the  river  at  Bremo  Bluff.  Depending  on  station  operation  and 
river  flow,  2-13%  of  the  river  water  was  used  for  once-through  cooling 
purposes.  At  point  of  discharge,  the  temperature  differential  of  the  : 
heated  effluent  was  4-13  C.  A  narrow  plume  (up  to  23  m  wide)  was  identi-?; 
liable  along  the  north  bank  from  the  discharge  terminus  to  a  point  8  km 
doxKmstream.  Cooling  water  was  not  chlorinated  and  no  other  industrial 
chemicals  were  known  to  enter  from  upstream.  i 
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MATERIALS  AND  METHODS 


Five  transects  were  established  with  reference  to  point  of  heated 
discharge:  A  was  1.6  km  upstream;  B  was  at  the  point  of  discharge;  and 
C,  D,  and  E  were  0.8  km,  1.6  km.  and  8.0  km  dox^stream,  respectively. 
Collecting  stations,  paired  with  regard  to  comparable  environmental 
factors,  were  on  opposite  sides  of  the  river  at  each  transect.  The 
river  at  northside  stations  B-E  was  subjected  to  the  heated  discharge. 

Fishes  were  collected  from  near-shore  areas  during  daylight 
(diurnal)  hours  by  electrofishing  (220  V;  1-3  amps,  D  C)  from  a  boat. 
Electrofishing  was  selected  over  other  methods  of  collecting  as  it  was 
the  only  one  applicable  to  all  stations,  and,  as  Gammon  (1973)  stated, 
it  is  probably  the  best  single  technique  for  estimating  fish  populations 
in  rivers.  Collections  were  made  monthly  from  August  1971  to  June  1972 
and  three  times  ever  two  months  in  the  second  year  (July  19 7 2- June  1973) 
and  third  year  (July  1973-June  1974);  however,  only  data  in  the  third 
year  were  used  in  the  analyses.  Each  station  was  sampled  in  an  up¬ 
stream  direction  for  20  minutes  (130-180  m  of  shoreline).  Collections 
were  made  from  0.6  m  to  9.0  m  from  shore,  depending  on  the  river  dis¬ 
charge  and  shoreline  obstructions.  All  specimens  were  preserved  and 
returned  to  the  laboratory  where  percent  occurrence  was  determined  for 
each  species . 

Macroinvertebrates  were  collected  at  stations  on  both  sides  of  the 
river  at  transects  A-E  vjith  a  Surber  sampler  and  basket-type  artificial 
substrates  (see  Dahlberg  and  Conyers,  1974).  Average  abundance  (total 
organisms /five  stations)  of  all  organisms  for  each  side  of  the  river 
were  determined  for  each  season. 

The  following  physical  data  vjere  collected  and  used  in  the  analyses 
of  seasonal  distributions  of  fishes.  Temperature  was  measured  with  a 
mercury  Celsius  thermometer  and  a  YSl  (Model  51-A)  oxygen  meter.  River 
flow  (cfs)  was  obtained  from  the  United  States  Weather  Service,  Rich¬ 
mond,  Virginia  and  converted  into  mVsec.  Photoperiod  data  (daylight 
minutes)  were  taken  from  the  United  States  Department  of  Commerce  (1980). 
Suspended  solids  were  measured  according  to  methodologies  prescribed 
by  Standard  Methods  of  the  American  Public  Health  Association  (1971). 

The  difference  in  magnitude  of  temperature  within  a  calendar  season 
(e.g.,  Fall=Sept  20-Dec  21;  6-22C)  necessitated  dividing  the  year  into 
six  thermal  seasons  (temperature  differences  among  collections  within 
a  season  were  less  than  6C)  before  analyzing  the  distributional  patterns 
of  fishes  (Table  1).  Collections  from  all  southside  stations  were  com¬ 
bined  for  a  given  temperature  period.  Only  collecting  stations  from 
northside  stations  that  had  a  temperature  differential  (At)  of  4C  or 
greater  than  ambient  temperature  were  combined  and  used  in  the  analyses. 

A  4C  increment  approximated  the  maximum  allowable  differential  of  3C 
between  the  heated  effluent  and  ambient  temperature  (regardless  of 
season)  from  the  Bremo  Power  Station  as  established  by  the  Virginia 
State  Water  Control  Board  (1974). 

-Percent  frequency  of  occurrence  was  used  to  characterize  spatial 
and  temporal  distributions  of  fish  species,  folloxving  procedure  of 
Starrett,  1950.  Abundance  (often  used  in  analyses  of  these  kinds  of 
data)  was  directly  correlated  with  percent  frequency  of  occurrence; 
however,  it  was  not  used  as  it  x</as  highly  variable  for  schooling  spe¬ 
cies  within  a  given  collection.  Correlation  was  used  to  establish 
seasonal  patterns  of  species  with  similar  distributions.  The  r-corre- 
lation  coefficient  tested  significance  (p=.05)  among  individual  patterns 
and  among  seasonal  patterns  and  data  for  water  temperature,  macroinver¬ 
tebrate  abundance,  river  flow,  photoperiod  and  suspended  solids. 
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Table  1.  Mean  water  temperatures  (C)  on  the  south 
(ambient)  and  north  (heated)  sides  of  the  James 
River  near  Bremo  Bluff,  Virginia,  on  collecting 
dates  from  July  1973-June  1974.  A  horizontal  line 
separates  temperature  periods. 


Month  Mean  Temperature  (C ) 

Ambient  Heated 


July  26 

26 

37 

August  3 

24 

33 

August  16 

24 

34 

September  10 

20 

25 

September  26 

19 

27 

October  19 

11 

22 

November  7 

6 

15 

November  28 

12 

16 

December  12 

4 

10 

January  8 

4 

9 

February  1 

6 

12 

February  20 

3 

10 

March  14 

6 

13 

April  1 

11 

17 

April  15 

14 

20 

May  6 

13 

18 

May  22 

19 

25 

June  19 

23 

29 

RESULTS 

Six  seasonal  periods  were  identified  for  ambient  and  elevated 
(heated)  temperature  sides  of  the  river  as  follows  (e.g.,  ambient, 
heated):  July-August  (24-26  C,  33-39  C) ;  September  (19-20  C,  25-27C) ; 

Oc tober-November  (6-12  C,  15-22C) ;  December-March  (3-6C,  9-13C) ;  Anril- 
early  May  (11-14  C,  17-20  C) ;  and  late  May-June  (19-23  C,  25-29  C)^ 
(Table  1;  Fie-.  1).  Mean  river  flow  was  greatest _from  December  - 
March  (x  =  444  m^  /sec)  through  April  -  early  May  (x  =  400  /sec)  and 
gradually  declined  to  a  yearly  mean  low  (x  =  48.8  m^  /sec)  in  September 
(Fig.  2).  Average  minutes  of  daylight  ranged  from  615  in  the  December- 
March  period  to  883  in  the  late  May-June  period  (Fig.  2).  Suspended 
solids  were  highest  (x  =  42)  in  late  May-June  and  lowest  from  September 
(x  =  7)  through  October-November  (x  =  9) (Fig.  2).  Macroinvertebrate 
populations,  chiefly  Ephemerop tera ,  Trichoptera  and  Diptera  collected 
from  basket-type  artifical  substrates  at  near-shore  areas  on  the  south- 
side  of  the  river,  reached  maximum  numbers  from  July-August  (x  =  9,500) 
through  October-November  (x  -  11, 400 (Fig.  2).  In  the  heated_ef fluent , 
macroinvertebrate  populations  were  low  throughout  the  year  (x  =  170  vs 
southside  x  =  4,652(Fig.  2).  Significant  positive  correlations  were 
found  between  river  flow  and  suspended  solids;  and  between  ambient  tem¬ 
perature  and  photoperiod  (Table  2).  A  significant  inverse  relation 
occurred  between  between  river  flow  and  abundance  of  macroinvertebrates 
(Table  2) . 

Use  of  data  from  collections  made  from  August  1971  to  June  1972 
was  precluded  because  of  small  sample  size  and  a  different  collecting 
regimen.  Results  of  the  study  from  July  1972  to  June  1973  were  invali¬ 
dated  because  of  the  severe  flooding  associated  with  tropical  storm 
Agnes  (June  1972)  vjhich  forced  the  power  station  to  be  either  offline 
or  to  operate  on  an  intermittent  schedule  until  the  spring  of  1973. 

Of  49  species  collected  (see  Woolcott,  1974),  only  16  (15,783  specimens) 
were  sufficiently  abundant  to  permit  statistical  analyses  (Table  3). 


FISH  SEASONAL  PATTERNS 
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Fig.  1 

Mean  water  temperature  (C)  on  the  south  (S)  and  north  (N)  sides  of  the  James  River  in 
the  Piedmont  Province,  Virginia  from  July  1973-June  1974. 


Ambient  Temperature  Distributions 


Five  seasonal  patterns  were  identified  in  data  from  southside  (S) 
ambient  temperature  stations.  Species  of  fishes  with  similar  distribu¬ 
tions  ranged  from  one  to  six  per  pattern. 

Pattern  SI  represented  the  seasonal  distribution  of  six  species: 
Nocomis  raneyi ,  Notropis  hudsonius ,  Anguilla  rostrata ,  Lepomis  auritus , 
Lepomis  macrochirus ,  and  Micropterus  dolomieui  (Fig.  3).  The  greatest 
percent  frequency  of  occurrence  was  recorded  in  September  when  water 
temperatures  ranged  from  19-20  C,  average  flox^7  was  lowest  (x  =  48.8 
mVsec)  and  food  supply  most  abundant  (x  =  10,597  organisms).  Percent 
occurrence  declined  to  a  yearly  low  when  temperatures  ranged  from  3  -  6  C 
in  December-March  and  increased  with  rising  temperatures  in  spring.  The 
r-statistic  was  significant  for  temperature  and  river  flow  on  the  south- 
side  of  the  river  (Table  2). 

Pattern  S2  was  common  to  four  species:  Hypentelium  nigricans , 

Moxo stoma  erythrurum,  Mo xo stoma  macro lepido turn  and  Ictalurus  punctatus . 
Percent  frequency  of  occurrence  was  highest  in  September  when  tempera¬ 
tures  were  moderate  (19  -  20  C)  and  river  flow  was  low  (x  =  48.8  mVsec)  . 
It  declined  to  a  minimum  in  the  December-March  period  (3-6  C)  and  re¬ 
mained  relatively  constant  from  April-May  (11-14  C)  through  May- June 
(19-23  C)(Fig.  3).  Significant  correlations  existed  between  S2  and 
river  flow,  food  solids  and  SI  (Table  2). 
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Table  3.  Percent  frequency  of  occurrence  of  fishes  collected  on  the  northside  (N) 
and  southside  (S)  of  the  James  River,  Virginia,  from  July  1973-June  1974. 


Species  Side  No.  _ _ Temperature  Period 


Jul-Aug 

Sept 

Oct-Nov 

Dec-Mar 

Apr -May 

May-June 

Lepisosteus  osseus 

N 

138 

11.0 

29.0 

83.3 

16.6 

100.0 

100.0 

S 

39 

46.7 

10.0 

6.7 

0.0 

0.0 

30.0 

Cyrpinus  carpio 

N 

47 

0.0 

0.0 

16.7 

30.0 

66.7 

25.0 

S 

11 

6.7 

10.0 

0.0 

0.0 

6.7 

0.0 

Nocomis  raneyi 

N 

4 

- 

- 

„  ■ 

- 

S 

66 

73.3 

70.0 

33.0 

0.0 

13.3 

40.0 

Notropls  analostanus 

N 

1715 

33.0 

25.0 

91.7 

80.0 

100.0 

87.5 

S 

1491 

93.3 

90.0 

93.3 

88.0 

93.3 

100.0 

Notropls  ardens 

N 

2 

_ 

_ 

_ 

- 

_ 

S 

136 

13.3 

40.0 

40.0 

36.0 

46.7 

20.0 

Notropls  hudsonlus 

N 

412 

0.0 

0.0 

66.7 

70.0 

33.0 

25,0 

S 

1700 

73.3 

90.0 

86.7 

4.0 

33.0 

30.0 

Notropls  rubellus 

N 

117 

0.0 

0.0 

8.3 

73.4 

83.3 

0.0 

S 

68 

26.7 

10.0 

20.0 

16.0 

26.7 

0.0 

Catostomus  commersoni 

N 

51 

0.0 

0.0 

0.0 

48.4 

50.0 

0.0 

S 

44 

6.7 

10.0 

26.7 

20.0 

33.0 

50.0 

Hypentelium  nigricans 

N 

36 

0.0 

16.5 

41.7 

5.0 

66.7 

25.0 

S 

189 

66.7 

80.0 

60.0 

4.0 

46.7 

30.0 

Moxostoma  erythrurum 

N 

23 

0.0 

0.0 

41.7 

10.0 

50.0 

0.0 

S 

96 

40.0 

60.0 

66.7 

0.0 

13.3 

0.0 

Moxostona  macrolepidotum  N 

49 

0.0 

0.0 

83.3 

10.0 

66.7 

25.0 

S 

148 

46.7 

80.0 

46.7 

4.0 

33.0 

30.0 

Ictalurus  punctatus 

N 

53 

22.0 

46.0 

66.7 

5.0 

50.0 

41.5 

S 

50 

46.7 

80.0 

20.0 

5.0 

6.7 

30.0 

Anguilla  rostrata 

N 

35 

0.0 

25.0 

83.3 

23.4 

16.7 

0.0 

S 

110 

93.3 

90.0 

53.3 

4.0 

33.0 

50.0 

Lepomis  auritus 

N 

201 

44.3 

100.0 

100.0 

73.4 

66.7 

55.7 

S 

405 

86.7 

100.0 

66.7 

20.0 

73.3 

80.0 

Lepomls  macrochirus 

N 

104 

44.7 

83.3 

75.0 

46.6 

83.3 

75.0 

S 

130 

53.3 

80.0 

33.0 

8.0 

33.0 

80.0 

Micropterus  dolomieui 

N 

110 

11.0 

87.5 

100.0 

31.6 

66.7 

16.5 

S 

145 

60.0 

80.0 

40.0 

4.0 

66.7 

50.0 

X  SUSPENDED  SOLIDS  (mg/I)  X  RIVER  FLOW  (mHec) 
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Aug  Nov  Mar  May  June 


Jul-  Sept  Oct”  Dec-  Apr-  May- 
Aug  Nov  Mar  May  June 

TEMPERATURE  PERIOD 


Fig.  2 

Mean  river  flow,  daylight  minutes,  suspended  solids,  and  an  abundance  of  benthic 
macro-invertebrates.  (N  =  northside;  S  =  southside)  in  the  James  River,  Virginia  from 
July  1973-June  1974. 


X%  FREQUENCY  OF  OCCURRENCE 
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Aug  Nov  Mar  May  June 

TEMPERATURE  PERIOD 


Jul-  Sept  Oct-  Dec-  Apr-  May- 
Aug  Nov  Mar  May  June 

TEMPERATURE  PERIOD 


Fig.  3 

Composite  seasonal  distribution  pattern  representing  the  average  percent  frequency  of 
occurrence  for  each  species  per  temperature  period  on  the  south  side  (S)  of  the  James 

River,  Virginia  from  July  1973-June  1974. 
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Pattern  S3  demonstrated  little  change  in  percent  frequency  of 
occurrence  throughout  the  year,  regardless  of  changes  in  biotic  and 
physical  factors  (Fig.  3).  The  four  species  comprising  this  pattern 
were  Cyprinus  carpio ,  Notropis  analostanus ,  Notropis  rubellus  and 
Catostomus  commersoni  (Fig.  3).  Although  the  patterns  were  similar, 
occurrence  magnitude  (x  =  93)  of  ^  analostanus  was  over  six  times 
greater  than  that  (x  =  15)  of  the  other  three  species  (Fig.  3). 

Pattern  S4  had  only  one  representative,  Notropis  ardens .  Greatest 
percent  frequency  of  occurrence  was  recorded  in  the  April-May  period 
(11-14  Of  lowest  frequencies  occurred  in  the  July-August  interval 
(24-26  C)  (Fig.  3). 

Pattern  S5  was  the  seasonal  distributional  model  of  a  single 
species,  Lepisosteus  osseus .  Greatest  percent  frequency  of  occurrence 
was  recorded  in  July-August  (24-26  C)  ,  whereas  lovzest  percent  frequency 
of  occurrence  took  place  from  December-March  (3-6  C) (Fig.  3).  Positive 
correlations  were  significant  between  this  pattern  and  both  water  tem¬ 
perature  and  photoperiod  (Table  2).  It  was  negatively  correlated  with 
Pattern  S4  (Table  2). 


Elevated  Temperature  Distributions 


Five  seasonal  distributional  patterns  were  established  from  col¬ 
lections  on  the  elevated  temperature  side  of  the  river  (N  =  northside) . 
Six  species  comprised  Pattern  N1  and  two  species  formed  each  of  the 
other  four  patterns.  Nocomis  raneyi  and  N.  ardens ,  amply  represented 
in  their  respective  ambient  temperature  distributional  patterns,  were 
apparently  intolerant  of  the  elevated  temperatures  in  the  plume  and 
were  not  found  there.  No  physical  factors  were  significantly  correlated 
with  any  northside  seasonal  pattern  (Table  2). 

Pattern  N1  was  characterized  by  N.  hudsonius ,  M.  erythrurum,  M. 
macro leoido turn,  1.  punctatus ,  A.  rostrata  and  M.  dolomieui  (Fig.  4). 
Percent  frequency  of  occurrence  was  greatest  in  the  October-November 
period  when  water  temperatures  ranged  from  15-22  C.  Lowest  occurrences 
were  recorded  in  the  July-August  period  (33-37  C) . 

Lepisosteus  osseus  and  N.  analostanus  shared  distributional  Pattern 
N2  where  percent  frequency  oT  occurrence  was  the  same  from  the  period 
October-November  (15-22  C)  through  May-June  (25-29C) (Fig.  4).  These 
species  were  scarce  when  plume  temperatures  ranged  from  25-35  C  during 
the  interim,  July-August  (33-37  C)  through  September  (25-27  C) . 

Notropis  rubellus  and  C.  commersoni ,  representing  Pattern  N3,  were 
present  only  during  the  December-March  (9-12  C)  through  April-May 
(17-20  C)  temperature  periods  (Fig.  4).  No  specimens  v/ere  captured  in 
the  plume  from  May-June  (25-29  C)  ,  July-August  (33-37  C)  and  September 
(25-37  C). 

Pattern  N4,  characteristic  of  carpio  and  H.  nigricans ,  had  its 
greatest  peak  in  the  April-May  season  (17-20  C)(Fig.~4jl  Percent  fre¬ 
quency  of  occurrence  in  this  period  was  significantly  greater  than 
those  in  other  periods. 

Pattern  N5  was  shared  by  L.  auritus  and  L.  macrochirus  (Fig.  4). 
Seasonal  differences  in  percent  frequency  of  occurrence  were  not  signi¬ 
ficant.  This  pattern  was  significantly  correlated  with  S3  (Table  2). 
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TEMPERATURE  PERIOD 


TEMPERATURE  PERIOD 


Fig.  4 

Composite  seasonal  distribution  pattern  representing  the  average  percent  frequency  of 
occurrence  for  each  species  per  temperature  period  on  the  north  side  (N)  of  the  James 

River,  Virginia  from  July  1973-June  1974. 
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DISCUSSION 


The  great  abundance  of  some  species  of  fishes,  particularly  cy- 
prinids  and  catostomids  ,  in  the  third  year  of  the  original  study  ' 

(Woolcott,  1974)  as  compared  to  those  in  the  first  and  second  years,  1 

may  possibly  be  related  either  to  inherent  year  to  year  fluctuations 
of  the  species  or  to  the  influence  of  a  record  flood  of  7,929  mVsec 
(280,000  cfs,  45  x  av  flow)  associated  with  tropical  storm  Agnes  in 
June  1972.  Although  short  term  (three  months)  effects  of  the  flood 
in  this  section  of  the  river  were  reported  by  White  et  al.  (1973),  no 
attempt  was  made  to  analyze  the  long-range  consequences  (e.g. ,  sub¬ 
strate  alteration  and/or  changes  in  the  availability  of  food ' organisms ) . 
Starrett  (1950)  encountered  a  comparable  problem  in  his  study  of  factors 
affecting  the  year  to  year  abundance  of  fishes  in  the  Des  Moines  River 
but  could  not  determine  the  cause  of  yearly  fluctuations.  However, 
Larimore  (1954)  showed  that  the  time  of  flooding  affected  the  produc¬ 
tivity  of  fishes  in  streams  in  Illinois  by  favoring  certain  spawning 
species  and  hindering  others,  therefore  resulting  in  increases  of  1 

numbers  of  some  forms  and  decreases  in  others  during  certain  years.  j 

A  similar  interpretation  was  given  by  Jones  (1972),  who  stated  that 
high  water  in  Sagehen  Creek,  California  in  the  summer  may  have  bene-  ! 

fitted  the  survival  of  some  young-of-the-year  species.  | 

This  study  differs  from  previous  investigations  of  local  seasonal  ' 
distributions  of  fishes  in  river  systems  by  attempting  to  identify 
distributional  patterns  that  may  be  shared  by  several  species  that  are 
phylogenetically  distinct.  Lotic  system  studies  on  the  seasonal  distri-  ' 

bution  of  a  single  species  or  natterns  shared  by  two  or  more  closely  : 

related  forms  are  numerous  (Reighard,  1920;  Raney,  1940;  Starrett,  1951;  I 
Larimore,  1954;  Trautman,  1957;  Paloumpis,  1958;  Breder  and  Rosen*  1966;  ; 

Benda  and  Gammon,  1968;  Munther,  1970;  Davis,  1971;  Burr  and  Morris  i 

1977;  and  Emery,  1978). 

Significant  correlations  between  seasonal  distributional  patterns  j 
and  environmental  factors  were  restricted  to  the  ambient  water  tempera-  ' 

ture  on  the  southside  of  the  river.  Each  of  the  factors  could  be  cor-  j 

related  with  one  or  more  of  the  five  patterns.  Significant  seasonal 
correlations  occurred  between  some  of  the  southside  patterns  and,  in  ; 

one  instance,  between  a  southside  pattern  (S3)  and  one  (N5)  on  the  north- 
side  of  the  river.  j 

! 

Patterns  SI  and  S2  were  similar  and  did  not  differ  significantly  if 
except  in  the  late  May-June  period  v/hen  Pattern  S2  remained  the  same  jl 

and  SI  followed  the  seasonal  rise  in  temperature.  Accordingly,  SI  .  ^ 

showed  a  significant  positive  correlation  with  temperature  and  macro-  s 

invertebrate  food  supply  whereas  no  correlation  existed  between  these  i 
factors  and  S2.  All  species  in  SI  except  A.  rostrata  have  been  reported  | 
to  spawn  in  spring  and  early  summer  in  shalloxv  areas  of  riverine  habi-  I 

tats  (Raney  and  Webster,  1942;  Trautman,  1957;  Breder  and  Rosen,  1966;  f 

Carlander,  1969  and  Munther,  1970).  The  probable  reason  that  the  S2 
pattern  did  not  show  a  nearshore  spring  movement  as  it  did  in  the  fall  I 
was  that  three  of  the  four  species  are  catostomids  that  normally  I 

migrate  upstream  into  smaller  tributaries  for  spawning  and  the  fourth,  | 
1.  punctatus ,  does  not  spawn  until  later  in  the  year.  Reighard  (1920),  | 

Trautman  (1957)  and  Burr  and  Morris  (1977)  reported  that  H.  nigricans  i 

^Tid  M.  erythrurum  are  migratory  species  that  spawn  in  smaTler,  steeper  1 
gradient  tributaries  of  large  streams  and  rivers;  however,  Scott  and  ’ 

Crossman  (1973)  noted  that  M.  macrolepidotum  migrates  in  spring  from 
larger  lotic  environs  into  smaller  rivers  and  streams  to  spawn.  Ictalurus 
pimctatus  ,  the  fourth  species'  in  S2 ,  does  not  breed  until  temperatures 
approach  20  C  (Lagler  et  al.,  1962;  Breder  and  Rosen,  1966)  which  does 
not  usually  occur  until  mid-June  in  the  Piedmont  section  of  the  James  River 
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The  occurrence  of  fishes  in  Patterns  SI  and  S2  in  shallow  water  along 
the  banks  in  summer  and  fall  coincided  with  peaks  in  abundance  of  aquatic 
macroinvertebrate  populations  and  some  forage  fish  species.  In  a  food  web 
study  in  the  James  River,  Woolcott  (1974)  stated  that  A.  rostrata ,  L. 
auritus ,  M.  dolqmieui  and  I.  punctatus  fed  mainly  on  trichopteran  and 
■  dipteran  larvae  and  ephemeropteran  naiads  and  adults  in  summer  and  autumn. 
Meyer  (1962)  reported  that  M.  erythrurum  and  M.  macrolepidotum  fed  on 
trichoperteran  and  dipteran  larvae  and  ephemeropteran  naiads.  Flemer  and 
Woolcott  (1966),  in  a  study  of  fishes  in  a  tributary  of  the  James  River, 
found  that  L.  macrochirus  ate  primarily  dipteran  larvae  and  ephemeropteran 
naiads . 

The  depressions  in  Patterns  SI  and  S2  occurred  in  winter.  Nikolsky 
(1963)  said  overwintering  offshore  in  deeper  water  by  temperate  zone 
stream  fishes  is  probably  an  adaptive  mechanism  to  avoid  fluctuating 
conditions  in  the  shallower  depths  during  winter  seasons.  He  further 
postulated  that  the  adaptation  is  related  to  the  paucity  of  available 
food  items  in  x^inter,  or  x-^here  ice  occurs  low  oxygen  concentrations  may 
be  an  important  factor.  With  the  exception  of  N.  raneyi ,  all  species  in 
SI  and  S2  have  been  reported  to  move  into  deeper  water  in  streams  or 
lakes  during  cold  weather  (Adams  and  Hankinson,  1928;  Breder  and  Nigrelli, 
1935;  Trautman,  1957;  Meyer,  1962;  Benda  and  Gammon,  1968;  Munther ,  1970; 
and  Wenner  and  Musick,  1975E  A  related  species  of  N.  raneyi ,  Nocomis 
micropogon ,  has  been  reported  by  Miller  (1964)  to  winter  offshore  in 
deeper  water  in  streams  in  New  York. 

Statistically,  Patterns  S3  and  N5  were  alike  in  that  neither  showed 
a  response  that  could  be  correlated  x-i^ith  environmental  changes.  Members 
of  S3  were  collected  consistently  in  ambient  temperatures  in  shallow  water 
near  shore.  The  magnitude  of  abundance  of  N.  analostanus  was  86  percent 
greater  than  that  of  the  other  three  species  in  S3.  Apparently,  the  over¬ 
whelming  abundance  of  this  form  is  typical  wherever  it  occurs  in  rivers. 
Trembley  (1960)  indicated  that  it  was  abundant  at  most  of  his  collecting 
stations  in  the  Delaware  River.  This  characteristic  of  N.  analostanus 
(subgenus  Cyprinella)  may  be  typical  of  this  subgenus.  For  instance, 
Stauffer  et  al .  (T9T4)  and  Starrett  (1951)  stated  that  Notropis  spilopterus 
x^as  the  dominant  species  in  their  collections  in  the  New  River  and  Des 
Moines  River,  respectively;  Outten  (1958)  said  that  Notropis  galacturus 
was  abundant  in  streams  and  rivers  in  the  upper  Tennessee  River  system; 
Hankinson  (1930)  indicated  that  Notropis  whipplei  spilopterus  is  one  of 
the  most  abundant  minnows  in  the  Great  Lakes  region ;  and  Lee  et  al .  (1980) 
listed  Notropis  niveus ,  Notropis  lutrensis  and  Notropis  venustus  as 
common  to  abundant  in  streams  and  rivers. 

The  remaining  species  in  S3  have  been  reported  to  spax^  in  spring 
and  summer.  Cyprinus  carpio  spaxms  in  late  spring  or  early  summer  in 
places  well  provided  with  aquatic  vegetation  (Breder  and  Rosen,  1966). 

No  such  habitats  existed  on  the  south  side  of  the  James  River  and  may 
have  precluded  this  form  from  spaxming  there.  While  Pfeiffer  (1955) 
stated  that  N.  rubellus  spaxms  in  spring  and  summer  over  substrates 
composed  of  gravel  and  bedrock  in  shallow  riffle  areas,  only  a  slight 
increase  in  the  occurrence  of  this  species  was  noted  during  this  period 
over  comparable  substrates  in  the  James  River.  Trautman  (1957)  reported 
that  N.  rubellus  moved  offshore  in  the  autumn  and  wintered  in  deeper 
water;  there  was  no  evidence  of  this  in  the  present  investigation. 

Trautman  (1957)  said  that  C.  commersoni  moves  from  deep  water  in  late 
winter  when  temperatures  reach  4.4  C  and  aggregate  for  spaxming  in 
shallow  water  when  temperatures  ranging  from  10-20  C  occur  from  March 
through  June.  The  current  study  probably  underestimates  the  abundance 
of  C.  commersoni  along  the  shore  in  the  spring,  as  collections  V7ere 
made  during  daylight  hours  and  most  spavming  activity  takes  place  at 
night,  according  to  Raney  and  Webster  (1942). 
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The  northside  Pattern  N5 ,  comprised  of  L.  auritus  and  L.  macro - 
chirus  (Pattern  N5),  was  relatively  stable  in  the  heated  effluent 
throughout  the  year  and  reflects  a  tolerance  of  these  species  for 
heated  water  in  warm  seasons  and  a  preference  for  plume  temperatures 
during  cooler  periods.  This  agrees  with  Trembley  (1960),  who  stated 
that  highest  abundance  of  L.  macrochirus  in  a  heated  effluent  in  the 
Delaware  River  occurred  when  temperatures  ranged  from  23-29  C  (October- 
November).  However,  he  also  found  that  it  was  relatively  abundant  from 
34-38  C  (May-June) .  Stauffer  et  al .  (1974)  reported  that  L.  auritus 
was  abundant  at  water  temperatures  of  23.2-35  C  in  field  studies  and 
preferred  a  range  of  12.2-30  C  in  laboratory  tanks. 

Patterns  S4  and  S5  had  one  species  each,  N.  ardens  and  L.  osseus , 
respectively.  There  was  a  significant  negative  correlation  between  the 
two  patterns.  While  there  is  a  tendency  to  interpret  this  as  predator 
avoidance  by  N.  ardens ,  since  L.  osseus  is  a  predator  on  cyprinids 
(Suttkus,  1963  and  Woolcott ,  1974),  it  is  more  likely  due  to  two  inde¬ 
pendent  events.  First,  L.  osseus  moves  into  shallows  in  early  spring 
for  spawning  (Netsch  and  Witt,  1962);  secondly,  N.  ardens  spawns  during 
summer  (Trautman,  1957)  and  in  the  fall  adults  and  young  of  the  year 
move  nearshore  to  feed  in  greater  numbers. 


Elevated  Temperature  Distributions 


With  the  exception  of  N5 ,  no  northside  pattern  could  be  correlated 
with  an  environmental  test  factor  or  any  other  distributional  pattern. 
There  were  three  significantly  distinct  seasonal  avoidance  responses 
among  the  patterns.  That  fishes  in  Pattern  N1  were  scarce  or  absent  in 
plume  waters  in  one  temperature  period  (July-August) ,  those  of  N2  and 
N4  in  two  temperature  periods  (July-August  and  September) ,  and  those  of 
N3  in  four  temperature  periods  (late  May-June,  July-August,  September, 
and  October-November ) ,  is  consistent  with  the  reported  variable  toler¬ 
ance  of  different  species  to  heated  effluents  (Black,  1953;  Brett,  1956; 
Trembley,  1960;  Carlander,  1969;  Gammon,  1973  and  Stauffer  et  al . ,  1974) 

Only  in  the  winter  and  early-spring  periods  of  Patterns  N3  and  N4  was 
there  an  apparent  attraction  to  the  heated  effluent  which  may  have  been 
associated  with  premature  spawning  for  C_.  carpio .  as  most  were  either 
ripe  or  gravid.  We  have  no  evidence  that  this  was  true  for  H.  nigricans 
(N4);  neither  do  we  have  evidence  for  spawning  of  C.  commersoni  and  N. 
rubellus  in  N3. 


CONCLUSIONS 


Conclusions  inferred  from  this  study  that  may  be  applicable  to 
similar  investigations  in  the  future  are;  (1)  seasonal  patterns  are 
primarily  temperature  dependent,  providing  other  environmental  factors 
remain  within  the  limits  of  annual  averages  and  (2)  the  species  in  the 
seasonal  pattern  reflect  the  temperature  dependent  factors,  reproduc¬ 
tion,  food  availability  and  winter  quiescence.  The  ability  to  predict 
seasonal  distributional  patterns  of  fishes  in  riverine  systems  would  be 
a  useful  tool  in  fisheries  management;  however,  before  predictable 
models  are  possible  in  the  James  River,  additional  data  are  needed  that 
are  comparable  with  those  of  the  present  study. 
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ABSTRACT 

Tests  were  conducted  on  control  of  clubroot  with  chemicals  and 
resistant  cultivars.  Field  trials  with  Terraclor©  75W  and  Benlate® 
BOW  resulted  in  low  symptom  intensity  ratings  when  the  symptom 
intensity  rating  in  the  non-treated  control  was  intermediate.  When 
the  non-treated  control  symptom  intensity  rating  was  high,  Terra¬ 
clor  75W  reduced  the  symptom  intensity  to  an  intermediate  level  but 
did  not  increase  yield  to  a  marketable  level.  Terr-O-Cide®  54-45 
and  limestone  treatments  were  ineffective.  Increased  numbers  of 
Plasmodiophora  brassicae  resting  spores  decreased  the  efficacy  of 
all  chemicals  applied.  Only  activities  of  Terraclor  75W  and 
Benlate  BOW  were  persistent  throughout  a  35  d  period.  Two  Oregon 
State  University  cabbage  lines  resistant  to  clubroot  in  Oregon  were 
not  resistant  to  clubroot  in  Virginia,  but  an  Oregon  State  Univer¬ 
sity  broccoli  line  (OR-1)  and  a  radish  cultivar  (Saxafire)  were 
completely  resistant.  The  resistance  of  Saxafire  was  not  affected 
by  high  populations  of  brassicae  resting  spores. 


INTRODUCTION 

Clubroot  of  crucifers,  caused  by  Plasmodiophora  brassicae 
Wor.  ,  reported  first  in  southwest  Virginia  by  Reed  [1911 ) ,  dU^ 
stroyed  the  cabbage  (Brassica  oleraceae  var.  capitata  L.)  industry 
in  Smyth  and  Wythe  counties  (Kroll,  1983).  Recently,  clubroot  was 

found  to  affect  50/o  of  the  cabbage  fields  in  Carroll  and  Patrick 

counties  in  southwest  Virginia  (Fig.  1)  (Kroll,  1983).  In  these 
counties,  resting  spores  of  brassicae  have  been  recovered  from 
the  sediments  of  ponds  and  streams  which  are  used  for  irrigation 
(Datnoff ,  et  al . ,  1983) . 

In  other  areas,  control  of  clubroot  has  been  obtained  with 
Terraclor®  75W  ( pentachl oroni trobenzene)  (Campbell,  1954),  lime¬ 
stone  (Dobson,  et  al . ,  1983a;  Karling,  1968)  and  Benlate®  SOW 

(methyl  benzimidazol ecarbamate)  (Jacobsen  and  Williams,  1970). 

However,  under  southwest  Virginia  conditions,  Terraclor,  Benlate 
and  limestone  have  not  provided  reliable  control  of  clubroot 
(Hotter,  1978;  Lambe  and  McCart,  1974).  Increased  populations  of 
brassicae  resting  spores  (Colhoun,  1954);  differences  in  dura¬ 
tion  of  chemical  activity  (Watson,  1965);  and  variation  in  soil 


1.  Present  address:  Mobay  Chemical  Co.,  Osgood  Rd.,  Milford,  New  Hampshire  03055. 
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conditions  including  pH,  moisture-holding  capacity  and  nutrition 
(Dobson,  et  al . ,  1982;  Kroll,  1983;  Myers  and  Campbell,  1982)  have 
been  implicated  for  the  lack  of  clubroot  control.  This  study  was 
conducted  in  southwest  Virginia  to  assess  clubroot  control  with 
respect  to  the  efficacy  of  several  fungicides,  _P.  brassicae  popu¬ 
lation  levels,  chemical  persistence  and  resistance.  Abstracts  of 
the  results  of  some  of  these  tests  have  been  presented  (Kroll,  et 
al.,  1981,  1982). 


Fig.  1 

Survey  of  fields  with  cabbage  clubroot  in  Carroll  and  Patrick  Counties  in 
southwest  Virginia.  These  counties  are  represented  by  stippled  areas  on  the 
Virginia  map.  The  magnified  inset  includes  only  the  cabbage-producing  area  of 
Carroll  and  Patrick  Counties  and  the  sites  of  cabbage  fields  with  or  without 
clubroot.  In  the  inset,  the  thickest  lines  represent  county  borders,  the  thin  lines 
the  streams  and  rivers  and  the  broken  line  the  Blue  Ridge  Parkway  and, 
approximately,  the  eastern  continental  divide.  North  Carolina  (N.C.)  borders 
both  counties  on  the  south  and  Floyd  County  shares  the  northeast  border  of 
Carroll  County  and  the  northwest  border  of  Patrick  County. 
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MATERIALS  AND  METHODS 

Inoculum  preparation.  Resting  spores  of  JP.  brassicae  were 
used  as  inoculum.  They  were  extracted  using  MacFarl ane ' s  method 
(1958)  from  root  galls  on  Market  Prize  cabbage  (Harris  Seed  Co., 
Rochester,  NY  14624)  plants  collected  from  a  single  field  in 
Carroll  County.  The  fungi  recovered  were  characterized  by  reac¬ 
tions  on  European  clubroot  differential  cultivars  (ECD;  Buczaki ,  et 
al.,  1975)  as  ECD  16/2/30  which  is  equivalent  to  P.  brassicae  race 
6  (Williams,  1966). 

Soil  and  potting  medium  infestation.  The  field  in  Carroll 
County  was  naturally  infested  with  £.  brassicae.  In  Blacksburg, 
however,  the  field  was  infested  artificially.  ^Roots  of  6-wk-old 
cl ubroot-susceptible  Market  Prize  cabbage  plants  were  incubated  in 
the  dark  for  40  h  at  25°C  in  a  water  suspension  of  10^  resting 
spores/ml.  These  plants  were  set  out  in  the  field  on  20  June  1980 
in  rows  90  cm  apart  with  25  cm  between  plants.  Each  plant  was  also 
watered  with  230  ml  of  a  suspension  of  10^  resting  spores/ml.  On  4 
August,  wel 1 -devel oped  galls  were  observed  on  all  plants  examined 
and  alternate  rows  of  plants  were  disced  10  cm  deep  in  the  soil. 
The  remaining  rows  of  plants  were  used  as  guard  rows  for  the  first 
chemical  efficacy  trial  described  below. 

For  greenhouse  tests,  an  artificial  growth  medium  consisting 
of  Weblite®  (particles  of  heat-expanded  shale,  j<  2mm;  Weblite 
Corp.,  Blue  Ridge,  VA  24064),  vermiculite  and  peat  moss  (2:2:1  by 
vol )  was  infested  with  _P.  brassicae  by  drenching  with  concentrated 
water  suspensions  of  resting  spores  and  mixing. 

Symptom  i ntensi ty  rating.  Symptom  intensity  was  rated  on  a 
scale  of  1-5  as  follows:  1  =  no  disease,  2  =  slight  clubbing  of 
lateral  roots,  3  =  slight  clubbing  of  lateral  and  tap  roots,  4  = 
severe  clubbing  of  lateral  and  tap  roots  and  5  =  severe  clubbing 
accompanied  by  root  decomposition. 

Chemical  Field  Tests.  Chemical  tests  were  conducted  in  1980 
and  1981.  On  12  August  1980,  8-wk-old  Market  Prize  cabbage  plants 
were  transplanted  into  plots  at  Blacksburg  in  a  Frederick  silt  loam 
(pH  5.7).  Each  plot  consisted  of  three  rows,  of  30  plants  spaced 
individually  25  cm  apart,  arranged  sequentially  along  a  single  line 
bordered  on  both  sides  by  rows  of  the  brassi cae-i nocul ated 
plants  described  above.  Three  treatments  were  arranged  randomly 
within  each  of  five  plots.  Terraclor  75W  (Olin  Chem.  Corp.,  Little 
Rock,  AK  72200)  and  Benlate  50W  (E.  I.  Dupont  de  Nemours  Co., 
Wilmington,  DE  19800)  were  applied  at  84  and  2.2  kg/ha  (4.2  and 
0.11  g  a. i. /plant),  respectively,  in  235  ml  of  transplant  water  per 
plant.  In  the  non-treated  control,  transplants  received  only 
water.  Twenty  plants  selected  at  random  from  within  each  row  were 
evaluated  for  clubroot  symptom  intensity  and  fresh  weight  on  14 
November. 

In  1981,  individual  plots  consisting  of  four  sets  of  three 
parallel  7.5  m  rows  were  arranged  in  the  artificially  infested 
field  in  Blacksburg.  Rows  were  spaced  45  cm  apart  with  30  plants 
spaced  individually  25  cm  apart  within  each  row.  Each  of  four 
treatments  was  applied  in  a  set  of  rows  arranged  randomly  within 
each  of  five  plots.  On  4  May,  a  Terr-O-Cide®  54-45  (54%  ethylene 
dibromide,  45%  chi oropi cri n ;  Great  Lakes  Chem.  Co.,  West  Lafayette, 
IN  47906)  treatment  was  injected  at  112  kg/ha  into  the  soil  to  a 
depth  of  15  cm  with  a  gravity  flow  chisel.  The  soil  was  sealed  by 
using  a  weighted  drag.  Dolomitic  limestone  (20%  Ca,  51%  CaCOg,  10% 
Mg,  40%  MgCOg;  100,  90,  50  and  40%  passed  through  10,  20,  60  and 
100  mesh  screens,  respectively)  was  broadcast  at  680  kg/ha  and 
tilled  into  the  soil  to  a  depth  of  15  cm.  On  22  May,  6-wk-old 
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Market  Prize  cabbage  seedlings  were  transplanted  into  the  field. 
Terrachlor  75W  was  applied  at  84  kg/ha  with  the  transplant  water 
(4.2  g  a.i.  in  235  ml/plant).  For  the  non-treated  control,  trans¬ 
plants  received  only  water.  Sixty  plants  selected  randomly  from 
each  set  of  rows  of  each  treatment  were  evaluated  on  18  August  for 
fresh  weight  and  clubroot  symptom  intensity. 

Plasmodiophora  brassicae  Population  Versus  Chemical  Efficacy. 

To  test  the  effect  of  the  population  levels  of  resting  spores  on 
chemical  efficacy,  enough  growth  medium  to  fill  five  18-cm  pots  was 
infested  with  10^,  10'^,  10^,  10®  or  10'^  resting  spores/g  by  drench¬ 
ing  and  mixing.  The  infested  medium  for  the  five  pots  was  mixed 
immediately  with  Terraclor  75W,  Benlate  SOW,  Terr-O-Cide  54-45  or 
limestone  in  125  ml  of  water  at  the  rates  used  for  the  field  tests 
calculated  as  a  2.2  x  10®  kg  soil/ha-furrow  slice.  The  growth 
medium  for  control  pots  was  infested  but  not  treated.  Ten  Market 
Prize  cabbage  seeds  were  germinated  in  each  pot  and  grown  for  30  d 
after  emergence.  At  that  time,  plants  were  removed,  washed  and 
rated  for  clubroot  symptom  intensity. 

Persistence  of  Chemical  Activi ty .  To  test  the  persistence  of 
chemical  activity  for  controlling  clubroot,  batches  of  the  growth 
medium  were  treated  with  Terraclor  75W,  Benlate  SOW,  Terr-O-Cide 
54-45  or  limestone.  Zero,  18  and  35  d  after  treatment,  five  pots 
from  each  chemical  treatment  and  the  non-treated  control  were 
infested  with  10®  resting  spores/g  of  growth  medium  by  drenching 
and  mixing.  The  pots  were  seeded  with  Market  Prize  cabbage  plants 
and  thinned  after  germination  to  ten  seedlings  per  pot.  Roots  were 
rated  for  clubroot  symptom  intensity  30  d  after  seedling  emergence. 

Resi stance  Tests.  Two  Oregon  State  University  cabbage  lines 
(OSU-140  and  OSU-142),  an  Oregon  State  University  broccoli  (^. 
oleracea  var.  botrytis  L.)  line  (OR-1)  and  four  radish  (Raphanus 
sati vus  L.)  cultivars  (Scarlet  Knight,  Twilley  Seed  Co.,  Trevose, 
PA  19047;  Crimson  Giant,  Dessert  Seed  Co.,  El  Centro,  CA  92243; 
Champion,  Stokes  Seed  Co.,  Buffalo,  NY  14240;  and  Saxafire,  Stokes 
Seed  Co.)  were  tested  for  resistance  to  _P.  brassicae  race  6. 
Cabbage  and  broccoli  roots  were  rated  for  symptom  intensity  3  mo 
after  transplanting  seedlings  in  two  race  6-infested  fields.  These 
fields,  one  in  Carroll  County  and  one  in  Blacksburg,  were  used 
previously  for  growing  cabbage  and  each  had  an  incidence  of  club¬ 
root  >90%.  In  greenhouse  tests,  the  radish  cultivars  were  tested 
against  various  _P.  brassicae  populations.  Seeds  of  the  four  culti¬ 
vars  were  sown  in  growth  medium  infested  with  _P.  brassicae  race  6 
at  rates  of  10^,  10®,  10®  or  10’^  resting  spores/g.  Five  pots  were 
used  for  each  cultivar  at  each  population  level.  Seedlings  were 
thinned  to  ten  per  pot  and  roots  were  rated  30  d  after  emergence 
for  symptom  intensity. 

Statistical  Analyses .  Data  were  analyzed  using  analysis  of 
variance  and  least  significant  difference  procedures  at  the  P  j< 
0.05  level. 


RESULTS 

Chemi cal  Field  Trial s.  In  1980,  when  droughty  conditions 
prevailed,  the  symptom  intensity  rating  for  the  non-treated  control 
was  lower  than  in  1981,  when  more  normal  rainfall  was  experienced 
(Table  1).  In  1980,  the  use  of  Terraclor  75W  and  Benlate  50W 
resulted  in  significantly  lower  symptom  intensity  ratings  than  the 
non-treated  control  even  though  fresh  weight  yields  were  not 
increased.  In  1981,  use  of  Terraclor  75W  resulted  in  a  significan¬ 
tly  lower  symptom  intensity  rating  and  significantly  greater  fresh 
weight  yield  than  the  non-treated  control,  but  the  symptom  inten- 
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sity  rating  was  much  higher  and  the  fresh  weight  was  far  less  than 
in  1980.  The  use  of  Terr-O-Cide  54-45  or  limestone  did  not  signi¬ 
ficantly  decrease  symptom  intensity  ratings  or  increase  fresh 
weights. 

Population  Versus  Chemical  Efficacy.  Clubroot  was  not  ex¬ 
pressed  at  a  £.  brass icae  population  level  of  10^  resting  spores/g 
growth  medium  (Table  T)~.  At  10“^  resting  spores/g,  the  symptom 
intensity  rating  of  plants  in  the  limestone  treatment  was  signifi¬ 
cantly  greater  than  ratings  for  all  other  treatments.  With  a 
population  of  10^  resting  spores/g,  symptom  intensity  ratings  for 
all  treatments  were  significantly  less  than  that  of  the  non-treated 
control.  When  the  population  was  increased  to  10^  resting  spores/ 
g,  only  Terraclor  75W  and  Terr-O-Cide  54-45  treatments  resulted  in 
significant  decreases  in  symptom  intensity.  No  treatment  signifi¬ 
cantly  decreased  symptom  intensity  ratings  at  population  levels  of 
10’^  resting  spores/g. 

Persistence  of  Chemical  Activity.  When  the  growth  medium  was 
infested  with  _P.  brassicae  on  the  same  day  that  chemicals  were 
applied,  all  chemical  treatments  significantly  decreased  symptom 
intensity  ratings  compared  to  the  non-treated  control  (Table  3). 
When  the  medium  was  infested  18  d  after  treatment,  only  Terraclor 
75W  and  Terr-O-Cide  54-45  treatments  significantly  decreased 
symptom  intensity  ratings.  Both  Terraclor  75W  and  Benlate  BOW 
treatments  significantly  decreased  symptom  intensity  ratings  when 
the  medium  was  infested  at  day  35. 

Resistance  Tests  .  The  two  Oregon  State  University  cabbage 
lines  (OSU-1  and  ^-2)  were  not  resistant  when  tested  under 
southwest  Virginia  conditions  and  the  average  symptom  intensity 
rating  in  the  field  was  4.5  for  both  cultivars.  No  clubs  developed 
on  any  OR-1  broccoli  plant.  Intensity  ratings  of  the  Scarlet 
Knight  radish  cultivar  were  significantly  greater  than  those  of  the 
other  radish  cultivars  (Table  4).  Although  symptom  intensity 
ratings  among  the  Crimson  Giant,  Champion  and  Saxafire  radish 
cultivars  did  not  differ  statistically,  no  clubs  were  observed  on 
Saxafire  plants  whereas  clubs  were  present  on  the  other  two  culti¬ 
vars.  The  complete  resistance  of  Saxafire  plants  compared  to  the 
intermediate  resistance  for  Crimson  Giant  and  Champion  plants  is 
biologically  significant  (Kroll,  et  al . ,  1983). 


DISCUSSION 

Clubroot  is  a  serious  threat  to  cabbage  production  in  south¬ 
west  Virginia.  The  chemicals  tested  did  not  provide  adequate 
control.  Even  though  Terraclor  75W  decreased  symptom  intensity 
ratings  in  both  1980  and  1981,  the  fresh  weight  yield  in  1981  was 
not  increased  to  an  acceptable  level.  Although  Terraclor 
(Campbell,  1954),  Benlate  (Jacobsen  and  Williams,  1970)  and  lime¬ 
stone  (Karling,  1968)  have  been  effective  in  other  cabbage  produc¬ 
tion  areas,  they  did  not  provide  sufficient  control  in  southwest 
Virginia. 

Lack  of  control  of  clubroot  has  been  attributed  to  several 
factors  including  high  brassicae  resting  spore  populations 
(Colhoun,  1954),  lack  of  chemical  persistence  (Watson,  1965)  and 
environmental  conditions  (Karling,  1968).  Since  the  effects  of 
environment  on  chemical  efficacy  are  factors  which  generally  cannot 
be  controlled,  the  grower  is  most  concerned  with  those  factors  that 
can  be  managed.  Lack  of  chemical  persistence  may  be  overcome  by 
selecting  more  persistent  chemicals.  In  these  tests,  the  activity 
of  Terraclor  75W  and  Benlate  BOW  were  more  persistent  than  that  of 
the  other  chemicals  tested  and  may  afford  full  season  protection 
against  clubroot.  The  effect  of  P.  brassicae  populations  on 
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chemical  efficacy  is  perhaps  the  most  difficult  problem  with  which 
to  contend  since  high  populations  negated  the  effects  of  all  the 
chemicals  used  in  this  study.  This  problem  is  best  dealt  with  by 
using  chemicals  in  a  protective  manner  before  clubroot  becomes  a 
problem.  In  this  manner  chemicals  suppress  clubroot  when 
brassicae  populations  are  low  and  prevent  buildup  of  the  pathogen. 

Perhaps  the  most  effective  means  for  control  of  clubroot  is 
the  use  of  resistant  cultivars.  To  date,  there  are  no  known 
market-quality  cabbage  cultivars  with  stable  resistance  to  club¬ 
root.  The  Oregon  State  University  experimental  cabbage  lines 
(OSU-1  and  OSU-2)  were  resistant  to  clubroot  in  Oregon,  but  were 
not  resistant  under  southwest  Virginia  conditions.  This  was 
probably  because  different  races  of  P^.  brassicae  are  found  in 
Oregon  and  Virginia.  Recently,  £.  brassicae  race  7  (ECD  16/2/31 
and  16/3/31)  has  been  reported  in  Oregon  (Dobson ,  et  al.,  1983b). 
A  broccoli  line  (0R~1)  and  a  radish  cultivar  (Saxafire)  were  found 
to  be  resistant  to  race  6  which  is  present  in  southwest  Virginia. 
This  resistance  was  not  affected  by  high  populations  of  _P.  bras si  - 
cae.  Although  these  crops  are  cultured  differently  than  cabbage, 
growers  may  be  advised  to  consider  their  use  (Anonymous,  1983). 
Based  on  these  findings,  we  suggest  that  cabbage  growers  adhere 
closely  to  recommended  clubroot  control  practices  (Lambe,  et  al . , 
1980)  and  use  chemicals  in  a  protective  manner  before  clubroot 
becomes  a  problem  or  use  resistant  cultivars  of  crucifers  in  fields 
where  a  problem  exists. 
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ABSTRACT 

The  present  distribution  of  Vaccinium  macrocarpon  (Large  Cranberry) 
in  the  southeastern  United  States  originated  during  glaciation  and  is 
maintained  by  specific  physical  and  biotic  site  conditions.  Physical 
factors  include:  (1)  macroclimate  (continental  polar  and  maritime 

tropical  air  mass  movement  and  topographic  interaction,  sea  breeze 
effects),  (2)  microclimate  (cold  air  drainage,  temperature  inversions), 
(3)  elevation,  (4)  topography  (U-shaped  valleys,  dendritic  drainages), 
and  (5)  acidity.  Biotic  factors  include  association  with  S  ph  agnum ,  the 
amount  of  weedy  and  arborescent  competition,  and  suitable  dispersal 
agents.  Species  biology  information  indicates  an  'array  of  reproductive 
and  dispersal  strategies,  but  specific  establishment  and  maintenance 
conditions.  The  obligate  association  of  V.  macrocarpon  with  treeless 
areas  (balds  and  glades)  indicates  a  distribution  of  Pleistocene  tundra 
on  high  peaks,  at  low  elevations  in  V-shaped  valleys,  or  at  the 
headwaters  of  north  flowing  drainages  (e.g.  New  River).  Endangered  or 
threatened  in  several  southeastern  states,  the  major  threat  to  the 
species  is  man's  modification  of  wetland  habitats. 

INTRODUCTION 

A  crucial  aspect  of  any  ph y t o g e o g r a ph  i  c a 1  study  is  the  selection  of 
an  organism.  An  ideal  subject  would  be  well  known,  easy  to  identify 
properly  and  consistently,  and  with  some  basic  species  biology  available 
With  this  information  a  clear  reliable  distribution  can  be  mapped,  and 
many  requirements  and/or  tolerances  of  the  species  determined. 

R.  F.  Thorne  (1973)  stated,  "the  smaller  the  rank  of  a  taxon,  the 
more  instructive  is  its  disjunct  range."  V  ac  c i n  i  urn  macrocarpon  Aiton  is 
easy  to  recognize  and  difficult  to  confuse  with  any  other  species  in  the 
southeastern  United  States.  Because  the  large  fruited  cranberry  is  a 
valuable  cultivar  near  the  center  of  its  range,  basic  species  biology 
information  is  available. 

This  species  clearly  reflects  boreal  affinities  (Graham  1964)  and 
the  inability  to  tolerate  a  closed  canopy.  The  species  has  been 
a  s  s  o  ci ated  with  glades  (treeless  areas)  in  West  Virginia  (Core  1938, 
1949),  and  Virginia  (Ogle  1982).  This  requirement  for  treeless  areas 
often  limit  both  the  geographic  posiiton  and  extent  of  cranberry  sites, 
and  seem  to  apply  equally  to  cultivated  (Hall  1971)  and  native  stands. 

In  southern  states,  discontinuous  distribution  has  resulted  in 
listing  of  V.  macrocarpon  as  endangered  or  threatened  in  West  Virginia 
(Fortney,  1  978  )  ,  Virginia  (Porter  19  79  ),  North  Carolina  (Hardin, 

et  al . ,  1977),  and  Tennessee  (Committee  for  Tennessee  Rare  Plants,  1978) 

The  overall  distribution  pattern  is  shared  by  several  other  localized 
species  in  the  Southeast  (not  necessarily  for  similar  reasons),  and  has 
been  of  great  interest  to  botanists  and  zoologists  for  many  years 
(Fernald  1937;  Carr  1940;  Braun  1950;  Harvill  1965,  1972,  1973a,  1973b, 

1975;  and  Conant  1960. 
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The  distribution  of  vegetation  types  characterized  by  the  absence  of 
trees  (e.g.  balds  and  glades),  is  of  great  interest  to  botanists  in  the 
Southeast,  and  to  p a  1 y no  1 o g i s t s  determining  the  extent  of  tundra  during 
glacial  maxima  (Delcourt  and  Delcourt  1979). 

I  selected  V  ac  c in ium  Mac rocarpon  as  an  index  organism  for  tundra 
conditions  because  of  its  potential  to  produce  reliable  data  addressing 
these  distributions. 

TAXONOMY  AND  DISTRIBUTION 

Vac  c in ium  macrocarpon  (2n  =  24)  is  one  of  three  well  defined  species 
in  the  subgenus  Oxycoccus  Drude  (Wood  1961).  This  Large  or  American 
Cranberry  ranges  farther  south  than  either  of  the  other  species  in  this 
subgenus,  and  is  not  likely  to  be  m i s i d e n t i f  i  e d  south  of  West  Virginia. 

V  a  c  c i n i urn  macrocarpon  ranges  from  Minnesota  to  Newfoundland  and 
southward  on  the  coastal  plain  to  Delaware  and  Maryland  (Sipple  and 
Klockner  1981),  southeastern  Virginia,  and  eastern  North  Carolina,  and  in 
the  mountains  to  West  Virginia,  western  Virginia,  eastern  Tennessee  and 
western  North  Carolina.  An  1886  collection  from  Little  Rock,  Arkansas 
indicates  at  least  a  former  presence  near  the  interior  highlands  (Fernald 
1950;  Wood  1961).  Several  of  the  peripheral  stations  have  not  been 
relocated  in  recent  years,  and  though  the  Arkansas  specimen  is  likely  a 
valid  record,  this  paper  is  concerned  only  with  the  distribution 
of  _V.  macrocarpon  in  southern  West  Virginia,  Virginia,  Tennessee,  and 
North  Carolina. 

A  second  species,  V.  oxycoccos  L.  (2n=48),  reaches  the  southern 
terminus  of  its  virtually  circumpolar  range  in  West  Virginia,  and 
overlaps  the  range  of  _V  .  macrocarpon  to  the  north  and  west.  This 
tetraploid  species  is  very  variable  and  combines  the  characters  of 
macrocarpon  and  the  other  diploid  of  the  subgenus,  _V  .  microcarpon 
(Turcx.)  Schmalhaus  ex  Bush.  Vaccinium  microcarpon  has  a  more  northern 
and  western  range,  parts  of  which  are  also  overlapped  by  _V  .  oxycoccos 
(Wood  1961).  All  three  of  the  species  are  trailing  shrubs  with  evergreen 
leaves  and  short  erect  branches. 

A  major  concern  in  utilizing  collection  records  _V  .  macrocarpon  from 
these  southern  states  has  been  recurrent  doubt  about  whether  the  stands 
are  introduced  or  native.  The  most  thoroughly  documented  instance  of 
this  controversy  is  a  locality  in  Augusta  County,  Virginia.  The  stations 
in  this  area  have  been  attributed  to  introduction  (Carroll  1936;  Freer 
1968),  and  there  is  no  reason  to  believe  that  cranberries  may  not  have 
been  introduced.  However,  there  is  no  reason  to  believe  that  they  are 
not  native  as  well.  Craig  (1969)  showed  that  the  Shenandoah  Valley  had 
substantial  vegetational  change  associated  with  glacial  advance,  and 
Harvill  (1972)  lists  many  associated  disjuncts  from  the  questioned  area. 
Possibly  the  best  evidence  in  the  native  vs.  introduced  controversy  is 
provided  by  the  lengthy  historical  records  of  stations  far  south  of  the 
Shenandoah  Valley.  Shady  Valley,  Tennessee,  "that  curious  elevated 
basin..... called  Shady,  in  which  are  found  cranberries  and  northern 
coniferae  (Safford  1869),"  had  cranberries  "covering  in  the  aggregate  an 
area  of  10,000  square  acres,  equal  in  all  respects  to  the  best  found  in 
the  north  (Killebrew  1874)."  Killebrew  further  stated  "Here  they  have 
grown  from  time  immemorial  without  any  cultivation."  This  cranberry 
population  had  been  reduced  to  a  small  bog  and  a  few  satellite  sites  by 
the  time  Barclay  (1957)  did  his  study  on  the  forests  of  Johnson  County. 
Today  there  are  three  known  extant  stations  in  Shady  Valley.  One  of 
these  is  a  remnant  of  the  bog  Barclay  described;  two  others  are  recently 
discovered  stations  (1982-83),  but  all  cover  in  total  less  than  750 
square  feet.  Man,  rather  than  introducing  and  maintaining  cranberries, 
seems  to  have  thoughtlessly  destroyed  their  wetland  habitats  for 
farmland,  pastures,  and  ponds.  Another  existing  site,  on  the  southern 
extent  of  the  cranberries  range,  has  a  historical  reference.  The  largest 
known  population  of  cranberries  in  Tennessee  grows  near  the  headwaters  of 
brush  Creek,  north  of  Ducktown,  in  the  Copper  Basin.  Man  turned  this 
basin  into  a  virtual  desert,  and  it  has  remained  so  to  the  present.  But, 
Gattinger  (1901)  cited  the  species  from  "a  swamp  at  Cranberry  mines  on 
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Fig.  1 

Distribution  of  V.  macrocarpon  in  The  Southeastern  United  States.  See  Table  1  for 
explanation  of  numbered  locations. 


the  Tennessee-North  Carolina  state  line."  A  recently  discovered  cluster 
of  sites  in  the  Blue  Ridge  of  southwestern  Virginia  indicates,  a 
widespread  native  distribution  in  the  Virginia  mountains  (Ogle  1982). 

All  collections  of  macrocarpon  were  plotted  and  used  in  the 

construction  of  Figure  1  and  Table  1.  Locality  information  was 
graciously  provided  by  Longwood  College,  the  University  of  North 
Carolina,  the  University  of  Tennessee,  West  Virginia  University,  and  the 
North  Carolina  Nature  Conservancy. 

SPECIES  BIOLOGY 

After  determination  of  the  overall  distribution,  an  examination  of 
the  biological  potential  of  the  species  is  necessary.  The  species 
biology  concept  of  Massey  and  Whitson  (1980)  provides  an  excellent 
framework  for  pinpointing  "weak"  points  in  the  lifecycle  of  species. 

1  .  Reproduct  ion 

Asexual  reproduction  by  rooted  runners  is  an  important  reproductive 
strategy  for  the  cranberry.  It  is  generally  cultivated  from  cuttings 

(Hall  1970),  and  indications  are  that  the  plant  has  the  potential  to 
cover  an  area  quickly  by  vegetative  growth  at  the  expense  of  fruit 
production  (Roberts  and  Struckmeyer  1942). 
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TABLE  1.  The  Distribution  of  V  .  macrocarpon  south  of  Cranberry  Glades, 
(Pochatonas  Co.)  West  Virginia.  See  Fig.  1  for  locations. 

State: 

Site  number  from  Figure  1.  County:  Approximate  elevation 

in  feet,  (date  of  last  known  collection  unless  recent). 

West  Virginia: 

1.  Pocahontas  Co.:  3400,  2000  (1951). 

2.  Raleigh  Co.:  2  700  (  1958-“67?). 

Virginia: 

3.  Augusta  Co.:  1450,  1520,  3200. 

4.  Giles  Co.  :  3150. 

5.  Carroll  Co.:  2600,  2700,  2800,  3050. 

6.  Grayson  Co.:  2500,  2580. 

7.  City  of  Virginia  Beach:  coast  (1901). 

Mary  1  and : 

8.  Anne  Arundel  Co.:  coast. 

North  Carolina: 


9.  Allegheny  Co.:  3000. 

10 .  Ashe  Co .  :  3  100  . 

11.  Watuga  Co.:  3400,  3500,  3800  (1961),  5000  (1916). 

12 .  Avery  Co .  :  4000  ,  4500  . 

13.  Haywood  Co.:  5760. 

14.  Currituck  Co.:  coast. 

15.  Dare  Co.:  coast. 

16 .  Bladen  Co .  :  (  1896  )  . 


Tennessee: 

17.  Johnson  Co.:  2500  (1957),  2700,  3400. 

18.  Polk  Co.:  1450  (1966),  1580. 


Sexual  reproduction  is  closely  tied  to  insect  pollination. 
Pollination  in  commercial  bogs  is  primarily  accomplished  by  stands  of 
honeybees,  but  "cranberry  blossoms  are  apparently  poor  producers  of 
nectar  and  pollen,  and  honeybees  are  not  eager  to  work  them"  (Marucci, 
1967).  These  complications  are  evidently  compensated  by  the  pollen 
grains  being  shed  as  tetrads  capable  of  producing  four  functional  germ 
tubes  (Roberts  and  Struckmeyer  1942) ,  and  the  flowering  period  which 
often  extends  for  over  a  month  (Marucci  1967).  Fruit  production  in 
commercial  stands  has  been  correlated  with  the  distance  of  bee  hives  from 
the  bog  (Filmer  1949).  Evidently  the  maximum  fertilization  potential  is 
not  reached  using  strictly  native  pollinators,  and  observations  of 
pollinators  in  the  Southeast  might  provide  interesting  data  on  the  sexual 
vs.  asexual  strategies  of  the  cranberry. 

Fruit  size,  weight,  and  numbers  of  viable  seeds  are  other 
interesting  aspects  of  the  sexual  process.  V  ac  c in ium  macrocarpon 
produces  the  largest  (up  to  2cm  in  diameter)  fruit  of  the  subgenus 
(Fernald  1950).  Within  this  species,  variation  in  fruit  size  is  common. 
Hall  and  Alders  (1965)  examined  this  variation,  "the  large  berries 
averaged  1.31  grams  and  had  19.9  good  seeds,  where  as  the  small  berries 
weighed  only  0.46  grams  and  had  only  5.3  good  seeds." 

In  summary,  the  cranberry  is  capable  of  rapid  asexual  reproduction 
and  thus  expansion  into  open  habitats,  and  of  sexually  producing  fruits 
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that  may  appeal  to  potential  dispersal  agents  of  various  sizes.  Fruit 
production  is  limited  by  availability  of  pollinators,  but  its  efficiency 
is  increased  by  pollen  modification  and  extensive  flowering  period. 

2.  Dispersal 

The  cranberry  is  a  textbook  illustration  for  a  bird  dispersed 
diaspore  (van  der  Fiji  1972).  It  is  an  attractive  edible  fruit  and  has 
outer  protection  against  premature  eating  by  being  both  green  and  acid. 
There  is  inner  protection  against  digestion  because  the  entire  fruit  may 
be  eaten,  and  the  seeds  have  a  tough  testa.  The  fruit  has  little  odor,  a 
bright  red  signaling  color  when  mature  and  bird  dispersal  has  been 
document  ed . 

The  common  name  cranberry  is  thought  to  be  a  contraction  of  crane 
berry,  named  because  it  was  "a  favorite  food  of  the  long-legged  crane 
who  liked  swampy  areas"  (Buszek  1978).  Petrides  (1972)  cites  bobwhites, 
mourning  doves,  and  several  songbirds  as  possible  dispersal  agents, 

Martin  et  a^.  (1951)  cite  the  Hudsonian  Godwit  ( L imp  s  a  haemostica)  and 

the  sharp-tailed  grouse  (Pedioecetes  phasianellus)  as  birds  known  to 
include  cranberries  in  their  diet.  Neither  of  these  species  occurs  in 
Virginia  at  present,  but  the  Godwit  migrates  through  coastal  areas  in  the 
fall  (Checklist  Co  mm ittee  of  the  Virginia  Society  of  Ornithology,  1979). 
However,  both  the  sharp-tailed  grouse  and  the  spruce  grouse  (Canachites 
canadensis)  have  been  documented  from  Virginia  near  the  end  of  the 
Wisconsin  glaciation  (Hubbard  1971;  Selander  1965).  The  ruffed  grouse 
( Bona  s a  umbe 1 1 u  s )  ,  common  throughout  the  area  at  present,  also  includes 
cranberries  in  its  diet  (Edminster  1947).  Grouse  are  fairly  large 
sedentary  birds  and  may  be  an  important  dispersal  agent  for  a  berry  as 
large  as  that  produced  by  _V,  macrocarpon  .  Variations  in  fruit  sizes  may 
help  explain  the  interest  of  various  species  of  birds.  Smaller  fruits 
may  be  an  important  factor  in  dispersal,  for  agents  of  smaller  size  could 
ingest  an  intact  berry. 

The  cranberry  will  also  float,  often  for  extended  periods,  and 
downstream  dispersal  is  possible.  By  floating,  the  cranberry  may  present 
fruit  over  a  longer  period  and  a  larger  area  to  vectors. 

Mice  chew  on  the  seeds  of  cranberries  (C.  E.  Cross,  personal 
c  o  mm  unication),  but  animals  that  do  not  ingest  the  entire  fruit  would  be 
less  likely  to  disseminate  viable  seeds.  Certainly  there  are  several 
animals  including  man  that  could  be  potential  dispersal  agents. 

Cranberries  collected  from  a  Virginia  station  were  placed  in  various 
acid  solutions  of  pH  2,  3,  and  4,  and  in  wet  Sphagnum  moss.  After  almost 

a  month,  little  evidence  of  fruit  degeneration  was  seen.  However,  when 
seeds  were  removed,  and  the  testas  scarified,  they  readily  germinated. 
Passage  through  a  digestive  tract  would  facilitate  seed  liberation,  but 
if  not  eaten,  the  cranberry  would  remain  intact  for  an  extended  period. 
Fall  cranberries  are  often  still  edible  late  the  next  spring.  This  delay 
in  fruit  degeneration  would  give  at  least  two  advantages  to  the  species. 
First,  fruits  would  have  a  maximum  time  for  dispersal;  and  second,  they 
would  often  be  exposed  during  the  winter  season  when  animals  are  most 
likely  to  be  hungry  and  searching  for  food.  Access  to  the  berries  would 
also  be  facilitated  during  the  winter  when  the  bog  surface  is  frozen,  or 
at  least  more  solid  than  in  other  seasons. 

From  these  data,  it  may  be  concluded  that  the  large-fruited 
cranberry  is  distributed  primarily  by  birds  of  several  species,  sizes, 
and  habitat  preferences.  Of  the  species  cited,  grouse  are  most  likely  to 
feed  on  a  berry  as  large  as  two  centimeters  in  diameter.  The  potential 
for  dispersal  is  great,  and  the  wide  range  of  the  cranberries  is  a 
tribute  to  the  success  of  this  process. 

One  possible  "weak  link"  may  involve  the  fate  of  seeds  that  are  not 
dispersed  to  an  appropriate  habitat.  Prolific  fruit  production  and 
various  dispersal  agents  are  used  to  no  avail  if  seeds  are  not  able  to 
establish  a  colony.  Habitats  suitable  for  population  maintenance  are 
discontinuous  in  the  Southeast,  and  in  such  a  mosaic  of  habitats, 
establishment  would  rarely  be  successful  today  without  man's 
manipulati on , 
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3.  Establishment 

Cranberry  seeds  "germinate  very  well  in  Sphagnum ,  or  mixtures  of 
S  ph  agnum  and  sand,  but  soil  did  not  provide  satisfactory  conditions  for 
germination"  (Greidanus,  e_^  •  ’  undated).  Greidanus  et  al.  also  noted 

that  development  of  seedling  roots  was  more  satisfactory  in  Sphagnum  than 
in  any  other  medium.  These  data  would  indicate  a  specific  substrate 
preference  well  illustrated  by  native  sites.  Virtually  all  the 
localities  that  maintain  cranberries  contain  Sphagnum  too,  and  I  have 
seen  only  one  exception  to  this.  In  Grayson  County,  Virginia  there  is  a 
_V'  macrocar pon  colony  in  heavy  pine  needle  duff.  In  this  instance,  the 
pine  needles  probably  produce  an  effect  similar  to  that  of  Sphagnum 
(insulating,  water  holding,  and  acidic). 

Seed  germination  was  most  successful  at  7 0 -8 0°  F ( 2  1  .  1 - 2 6  .  7° C  )  ,  and 
lower  below  60°F(15.5°C)  ( Demo r anv i 1 1 e ,  undated).  Maximum  effect  in 

terms  of  percent  germination  was  greatest  with  8-10  days  of  light, 
followed  by  10-12  days  dark.  However,  20  days  of  light  and  0  days  of 
dark  also  provided  good  results.  With  less  than  5  days  of  light  there  is 
a  considerable  drop  in  percent  germination  (Devlin  and  K a r e zm a r c z y k , 
undated).  An  open  habitat  with  more  light  and  higher  temperatures  would 
produce  the  best  germination  rate.  The  potential  for  seed  banking  is 
high,  and  the  species  shows  a  preference  for  S  phagnum  in  both  germination 
and  seedling  root  development. 

4.  Maintenance 

Cranberries  are  maintained  only  in  areas  that  do  not  have  a  closed 
canopy.  They  are  associated  with  glades,  and  in  New  Jersey  "the  density 
of  over-story  and  site  conditions  seemed  to  control  the  occurrence  of  V. 
macrocarpon"  (Little  1951).  ” 

The  specific  site  conditions  seem  to  be  several.  The  amount  of 
sunshine  in  certain  months  seems  more  critical  than  in  others.  C.  E. 
Cross  (1969)  delineated  these  as  May  for  this  year's  flower  and  fruit  and 
August,  September,  and  November  for  terminal  bud  development,  vigorous 
vine  growth,  and  the  groundwork  for  next  year's  flowering  and  fruiting. 

In  a  comparison  using  the  National  Atlas  of  the  United  States  (1970), 
southeastern  stations  for  the  species  compared  well  with  Massachusetts  in 
terms  of  mean  monthly  hours  of  sunshine  during  these  critical  months.  In 
May,  only  the  coastal  stations  were  higher  than  280,  but  still  less  than 
300  hours.  Massachusetts  ranged  between  260-280  hours.  In  August, 
Massachusetts  centered  at  260  hrs.,  with  West  Virginia  stations  at 
240  hrs.,  and  the  coast  with  280  hours.  September  has  Massachusetts 
showing  as  much  variation  within  the  state  as  is  found  in  the  entire 
Southeast.  In  October,  Massachusetts  averages  between  180-210  hrs.,  and 
all  stations  in  the  Southeast  between  200-220  hrs.,  except  the  coast  at 
240  hours.  November  has  the  Blue  Ridge  with  140-180  hrs.  and  eastern 
Massachusetts  with  160  hours.  A  critical  month  in  the  winter  was 
February  (Cross  1969),  when  less  than  150  mean  monthly  hours  of  sunshine 
causes  the  production  of  small  or  only  average  cranberry  crops,  possibly 
because  of  oxygen  deficiency.  The  Blue  Ridge  and  much  of  the  Alleghenies 
fall  below  this  February  figure,  but  except  for  that  month,  all  southeast 
mountain  stations  are  quite  similar  to  Massachusetts  in  mean  monthly 
hours  of  sunshine.  The  coastal  stations  have  generally  more  mean  hours 
for  the  majority  of  these  critical  months. 

With  a  longer  photoperiod,  there  was  an  increase  in  the  numbers  of 
leaves  and  stems,  greater  elongation  of  stems,  and  an  increased  dry 
weight,  with  a  maximum  at  a  21  hour  photoperiod  (Eaton  and  Ormrad, 
undated).  The  effects  of  increased  monthly  hours  of  sunshine  in  the 
coastal  stations  may  actually  benefit  the  cranberry  if  temperatures  are 
not  excessive. 

"It  is  worth  noting  that  after  a  reasonably  mild  winter  in  which 
growers  have  exposed  their  bogs  considerably  to  air  and  light,  the 
terminal  buds  appear  larger  and  more  numerous  than  they  did  the  previous 
autumn.  Cranberry  vines  appear  to  remain  physiologically  active  during 
the  so  called  'dormant'  season,  and  if  and  when  conditions  are  right 
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terminal  buds  grow  and  probably  reserves  of  plant  food  are  built  up" 

(Cross  1969).  This  physiological  activity  during  a  normally  dormant 
season  would  enable  cranberries,  during  mild  southern  winters,  to  utilize 
sunlight  available  after  most  of  the  tree  leaves  have  fallen  in  the  fall, 
and  before  they  come  out  in  the  spring. 

Water  availability  is  another  specific  site  condition.  The 
National  Atlas  of  the  U.S.  (1970)  estimates  the  drought  potential  in  the 
"eTs  tern  U . S .  and  areas  described  as  "containing  surplus  water  except  in 
times  of  extreme  drought"  circumscribe  virtually  all  the  localities  in 
the  Southeast.  Hall,  (1971)  showed  that  extreme  water  levels,  either  too 
high  or  too  low,  inhibited  cranberry  growth.  An  old  Virginia  gentleman, 
with  the  wisdom  of  experience,  summed  this  up  by  saying  "cranberries  like 
to  grow  with  their  head  in  the  sun,  and  their  feet  in  the  water." 

Acidity  is  evidently  an  important  factor,  though  variable  over  the 
range.  Massachusetts  bogs  averaged  4.72  pH  (Deubert  1969),  and  three 
bogs  in  Nova  Scotia  averaged  4.3  pH  (Townsend  and  Hall  1971).  The 
average  of  three  southern  Virginia  stations  was  5.2  pH  and  two  stations 


in  Tennessee  averaged  4.6  pH. 

Site  conditions  also  involve  competition  with  plants  other  than 
trees.  Weedy  stands  of  cranberries  were  marked  by  fewer  stems, 
reduction  in  the  numbers  of  shoots  bearing  flowers,  number  of  flowers 
per  shoot,  and  reduction  of  berry  set  (Hicks,  e  t  a  1 .  ,  1968  ).  Weeds  also 

initiate  morphological  changes.  "Under  field  conditions  a  heavy  stand 
of  weeds  permits  only  a  continued  growth  of  the  few  original  shoots. 

Vines  held  in  a  perpendicular  position  continue  growth  of  the  existing 
shoot  and  do  not  develop  lateral  buds"  (Hall  1970).  These  long  vines 
appear  common  in  weedy  or  shrubby  sites  in  the  Blue  Ridge,  and  the 
observation  may  apply  to  coastal  stations  as  well.  Kearney  (1901)  in  his 
survey  of  the  Dismal  Swamp  describes  " c r a nb e r r y  ,  .  .  . w i t h  stems  2  meters 
(nearly  7  feet)  long,  creeping  along,  and  almost  hidden  by  other  plants." 
This  site  has  not  been  re-located  in  recent  years,  and  from  Kearney's 
description  it  would  seem  that  heavy  competition  might  be  one  valid 
reason. 

Microclimate  is  certainly  one  of  the  most  important  of  all  site 
conditions.  There  is  copious  information  on  bogs,  but  E.  M  Bates 
(undated)  specifically  addresses  cranberry  microclimate.  "The  bogs, 
generally  peat,  form  an  insulating  layer  that  prevents  heat  from  being 
conducted  upward  from  the  earth  at  night,  and  the  cranberry  is  cut  off 
from  a  major  heat  source.  A  bog  is  often  low  and  flat  with  a  dike  around 
it,  and  often  there  are  trees  around  berry  bogs.  Dikes  and  trees  form 
the  sides  of  the  "bowl"  and  prevent  wind  which  may  prevail  in  a  community 
from  blowing  across  the  bog.  Preventing  this  wind  from  moving  in  the 
first  3-5  feet  above  the  bog  surface  can  be  sufficient  to  aid  the  frost 
process  in  the  environment  of  the  tiny  vines  which  rise  only  inches  above 
the  s u r f a c e  .  .  . c r anb e r r i es  are  subjected  to  the  coldest 
t emp e r a t u r e s , . . a  few  inches  above  the  surface,  and  the  temperature 
increases  with  height  above  the  crop.  The  greatest  difference  found 
being  16^F(~8.8°C)  from  0-4  feet,  with  over  4®F(-15.5°C)  difference  as  an 
average."  Native  cranberry  sites  closely  parallel  these  conditions.  Most 
are  found  associated  with  S  ph  agnum ,  in  either  small  or  large  depressions, 
and  often  surrounded  by  dikes  and/or  trees.  The  morphological  form  of 
the  plant  may  be  an  adaptation  which  keeps  it  within  these  microclimatic 
zones . 


PHYSICAL  CONDITIONS 
1.  CLIMATE 

Climate  is  the  primary  factor  determining  plant  distribution  (Good, 
1964),  and  the  cranberry  is  a  boreal  plant  characterized  by  an  affinity 
for  cold,  wet  conditions.  There  seem  to  be  four  factors  that  produce 
cold  temperatures  in  the  Southeast:  movement  of  continental  polar  air 

masses,  high  elevation,  cold  air  drainage  and  temperature  inversion,  and 
sea  breeze  effects. 
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a .  cP  air  mas  s  es 

Continental  polar  (cP)  air  masses  influence  weather  in  the  Southeast 
most  commonly  in  winter,  when  dense  cold  air  moves  south  from  Canada  and 
enters  the  area  from  the  west  and  northwest  (Hayden  1979).  This  very 
cold,  dense  air  hugs  the  ground  and  tend  to  follow  the  path  of  least 
resistance.  The  colder  the  air  mass,  the  more  topography  affects  it 
passage.  This  air  mass  generates  weather  in  the  Southeast  primarily  by 
contact  with  humid  air,  because  its  passage  across  the  Appalachians 
removes  much  of  its  humidity.  Some  of  the  most  dramatic  frontal  storms 
in  Virginia  and  North  Carolina  occur  when  this  cP  air  encounters  maritime 
tropical  ( mT )  air  masses  from  the  Gulf  of  Mexico  and  the  Atlantic  Ocean. 
Maritime  tropical  air  often  flows  up  river  drainages  to  produce  localized 
effects.  Continental  polar  air,  depending  on  its  density,  frequently 
follows  this  path  and  exits  the  Blue  Ridge  over  the  escarpment.  Other 
exits  cross  the  drainage  divides  of  the  New  River  into  the  Tennessee 
Valley  and  Linville  River  headwaters. 

b.  altitude 

The  effects  of  altitude  on  temperature  are  well  known,  and  emphasis 
should  be  placed  on  the  effects  increasing  altitude  have  on  mT  or  cP  air 
masses.  In  either  case,  the  air  mass  is  forced  to  rise,  become  cooler, 
and  increase  in  relative  humidity  to  the  saturation  point.  The  influence 
of  elevation  would  be  most  prominent  in  areas  at  the  headwaters  of 
streams  whose  flow  is  aligned  with  the  movement  of  these  air  masses,  or 
where  altitude  increases  abruptly.  In  the  Southeast,  the  eastern  slopes 
of  the  Blue  Ridge  and  the  headwaters  of  the  Tennessee  Valley  exemplify 
these  effects,  for  precipitation  increases  up  slope  or  valley  to  peak 
just  across  a  low  crest  or  drainage  divide. 

c.  cold  air  drainage  and  temperature  inversion 

Plant  ecologists  have  long  been  aware  that  cold  air  drainage  is 
sufficient  to  produce  localized  valley  effects  (Costing  1956).  Local 
topography  is  a  major  determinate  of  these  conditions,  and  the  mechanics 
are  described  by  Reifsnyder  (1980).  The  shape  of  the  basin  that  collects 
cold  air  seems  quite  important  and  geological  features  for  cranberry 
sites  are  correlated  with  climate  in  these  ways.  '’U=shaped  valleys  with 
broad  bottoms  and  steep  walls  develop  the  most  marked  contrast  between 
valley  bottom  and  the  thermal  belt.  Narrow  V-shaped  valleys  generally 
have  shallow  pools  of  cold  air  at  the  bottom  and  a  less  well  developed 
thermal  belt.  The  main  reason  for  this  is  that  the  valley  walls  radiate 
heat  energy  to  each  other,  in  effect  trapping  the  heat  rather  than  losing 
it  to  the  vault  of  cold  sky  arching  over  a  broad  U-shaped  valley.  The 
supply  of  cold  air  for  the  U-shaped  valleys  can  come  from  drainage  of 
cool  night  air  from  surrounding  slopes.  The  air  in  contact  with  the 
cooling  surface  also  becomes  cool  and  thus  denser  than  it  was.  By 
contrast,  the  air  between  the  opposing  slopes  remains  warm,  for  it  is  not 
in  contact  with  the  cooling  surfaces.  As  a  result,  the  cool  air  near  the 
surface  flows  downhill  and  collects  in  the  valley  bottom,  forcing  the  air 
occupying  the  space  between  the  walls  up  and  outward  over  the  slopes.  As 
the  air  flows  toward  the  valley  bottom  it  collects  there  and  forms  a  pool 
of  cold  air  that  increases  in  depth  and  decreases  in  temperature 
throughout  the  night,  especially  if  the  valley  bottom  is  broad  and  flat. 
If,  as  often  happens,  the  valley  bottom  is  occupied  with  thick  mats  of 
vegetation,  a  true  frost  pocket  may  be  present.  Temperatures  may 
plummet.  In  one  throughly  studied  depression  in  Au s t r i a . . . t emp e r a t u r e s 
at  the  bottom  were  more  than  45°  F(25°C)  degrees  colder  than  the  top, 
only  500  feet  higher  in  elevation"  (Reifsnyder  1980).  No  doubt  this 
cold  air  movement  would  have  similar  effects  on  the  "thick  mat  of 
vegetation"  of  the  cranberry  bogs.  These  low  areas  also  remain  cooler 
after  sunrise.  "During  the  daytime,  as  might  be  expected,  the  air  heated 
by  the  slope  flows  upward.  It  does  not,  however,  behave  like  cold  air, 
which  hugs  the  ground;  heated  air  in  the  daytime  tends  to  peel  off  and 
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form  vertical  convection  columns"  (Reifsynder  1980),  while  the  low  lying 
cold  air  lies  on  the  valley  floor. 

d.  sea  breeze  effects 

"Near  the  coast  itself  and  sometimes  extending  across  the  whole  of 
the  coastal  plain,  sea  breeze  effects  serve  to  decrease  the  maximum 
summer  temperatures  and  ensure  a  relatively  low  annual  temperature  range. 
The  sea  breeze  also  generates  some  rainfall,  so  that  annual  totals 
decrease  inland  across  the  coastal  plain.  Once  onto  the  piedmont, 
however,  rainfall  amounts  and  temperature  are  most  significantly  effected 
by  altitude  and  topography."  (Robinson  1979).  The  cooler  air  of  the  sea 
breeze  helps  explain  why  water  surpluses  and  annual  rainfall  also  have 
maxima  on  the  coast,  and  not  just  in  the  mountains  (Hayden  1979;  Robinson 
1979). 

Cold  air  and  water  often  behave  in  a  similar  fashion.  Like  water, 
cold  dense  air  will  follow  drainages  rather  than  climb  hills  and  will 
collect  in  any  depression  that  can  hold  it.  When  cP  air  masses  sweep 
across  the  Appalachians  toward  the  Southeast,  they  fill  every  depression 
in  their  path,  and  the  cold  air  will  remain  until  it  warms  and  is  carried 
up  by  convection  or  is  pushed  upward  by  even  denser,  colder 
air.  In  the  mountains,  cold  air  may  be  produced  by  contact  with 
cooling  surfaces  at  night,  at  high  altitudes,  or  at  specific  slope 
exposures.  On  the  coast,  cold  air  moves  inland  from  the  ocean  during  the 
summer,  and  outward  from  the  land  during  the  winter.  In  either  case,  the 
interface  between  land  and  sea  generates  precipitation,  and  this 
precipation  would  drain  into  the  same  depressions  as  the  cold  air. 

Cold  and  wet  conditions  are  closely  associated  in  both  the  mountains 
and  on  the  coast,  but  not  in  the  piedmont.  The  relief  of  this  area  does 
not  generate  substantial  weather  for  it  is  neither  abrupt  nor 
exaggerated.  There  are  no  areas  in  the  Piedmont  that  can  generate 
substantial  amounts  of  cold  air  or  hold  them.  The  sea  breeze  does  not 
extend  into  the  area  and  moderate  summer  extremes  or  produce 
precipitation.  For  these  reasons,  it  is  unlikely  that  a  boreal  plant 
such  as  the  cranberry  would  be  expected  here.  These  climatic  conditions, 
considered  with  edaphic  and  hydrologic  factors  (Harvill  1973b),  may  help 
explain  the  paucity  of  piedmont  species  compared  to  the  other  areas.  The 
cold  temperatures  required  to  inhibit  arborescent  species  and  provide 
appropriate  conditions  for  a  boreal  plant  such  as  the  cranberry 
are  relatively  scarce  in  the  Southeast.  Cold  temperatures  may  be  carried 
to  the  region  (cP  air  masses,  sea  breeze  effects)  or  be  generated  locally 
(sufficient  elevation  and  slope  exposure,  cold  air  drainage).  Cranberry 
stations  exist  only  where  these  factors  (individually  or  combined) 
maintain  a  microclimate  suitable  to  inhibit  at  least  the  roots  of 
arborescent  species  and  possibly  some  herbaceous  species.  Such  boreal 
microclimatic  areas  are  rare  under  modern  ambient  climates  in  the 
southeas  t . 

PHYSIOGRAPHY 

a .  mount  a i ns 

In  West  Virginia,  the  cranberry  occurs  most  consistently  in  the 
Allegheny  Mountains  (all  physiographic  terms  follow  Fenneman,  1938).  The 
species  is  "common  in  open  swamps  and  bogs  at  high  altitudes" 

(Strausbaugh  and  Core  1973).  As  the  range  extends  farther  south,  sites 
are  found  at  the  headwaters  of  the  Gauley  River  (Cranberry  Glades),  on 
the  south  side  of  its  divide  with  the  Greenbriar  River  (Droop  Mountain 
Glade),  then  skip  to  a  plateau  drained  by  the  New  River,  and  on  its  south 
bank  (Shady  Springs).  Elevations  for  the  three  southern  sites  in  West 
Virginia  average  2700  feet,  and  vary  from  2000  to  3400  feet  (Refer  to 
Fig.  1,  Table  1.). 

The  Augusta  County,  Virginia,  stations  are  almost  due  east  of 
Cranberry  Glades  on  the  headwaters  of  the  Shenandoah  River  and  at  the 
edge  of  tVie  Ridge  and  Valley  and  Northern  Blue  Ridge  Provinces.  This  is 
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the  most  northern  station  in  Virginia.  The  only  station  within  the  Ridge 
and  Valley  Province  occurs  near  Mountain  Lake  (Giles  Co.).  South  of 
these  stations  cranberry  sites  are  local  on  the  plateau  of  the  New  River 
just  west  of  the  escarpment  in  the  Southern  Blue  Ridge.  Here  there  are 
six  sites  (Ogle  1982),  and  the  species  enters  North  Carolina  via  this 
drainage  basin.  Elevation  of  10  sites  in  Virginia  average  2550  feet  and 
vary  from  1450  to  3000  feet. 

In  North  Carolina,  sites  are  found  at  the  headwaters  of  both  forks 
of  the  New  River,  with  two  stations  in  its  plateau  just  west  of  the  Blue 
Ridge  escarpment.  From  the  headwaters  of  this  divide,  the  sites  cross  to 
just  north  and  west  of  Linville.  There  is  a  hiatus  between  these  sites 
and  a  single  station  in  Haywood  Co.,  North  Carolina,  south  of  the 
Asheville  Basin  on  a  high  elevation  plateau  near  Shining  Rock. 

Elevations  average  4000  feet  for  these  localities,  with  a  variation  from 
3000  to  5760  feet. 

In  Tennessee,  the  species  is  found  in  only  two  sites  both  on  the 
western  slopes  of  the  Blue  Ridge.  One  of  these  is  in  Shady  Valley 
(Johnson  Co.)  in  the  upper  northeast  corner  of  the  state,  the  other  in 

the  Copper  Basin  of  Polk  Co.  near  Ducktown  in  the  far  southeast  corner  of 
the  state.  Both  stations  are  within  large  basins,  and  the  localities 
averaged  2330  feet  in  elevation,  but  vary  from  1450  to  3400  feet. 

Moving  south  from  localities  in  the  Alleghenies,  the  cranberry 
becomes  quite  rare  within  and  adjacent  to  the  Ridge  and  Valley  Province, 
only  to  increase  in  density  on  the  New  River  plateau  in  the  southern 
Blue  Ridge.  The  sites  follow  this  drainage  to  its  headwaters  and  cross 

the  divide  into  the  headwaters  of  several  other  drainages.  From  these 
stations  in  the  Linville  area  and  in  upper  east  Tennessee,  there  is  a 
major  hiatus  to  the  two  southern  localities,  one  on  the  west  slope  of  the 
Blue  Ridge  and  the  other  on  the  east. 

In  West  Virginia,  localities  are  found  in  the  mountains  at 
elevations  that  reach  at  least  3900  feet  and  in  valleys  on  the  New  River 
plateau  at  sites  that  approach  2000  feet.  Most  sites  in  Virginia  are  on 
the  New  River  plateau  at  about  2500  feet  elevation,  but  three  stations 
are  barely  higher  than  3000  feet.  In  Augusta  Co.  alone,  stations  vary 
from  1450-3200  feet  in  elevation.  Along  the  New  River  drainage  into 
North  Carolina,  the  sites  increase  in  elevation  until  they  cross 
Grandfather  Mountain  to  the  Linville  area.  The  southern  station  on  the 

east  slope  of  the  Blue  Ridge  is  the  highest  in  the  state  at  5760  feet. 

In  Tennessee,  on  the  western  slope  of  the  Blue  Ridge,  the  sites  reach 
3400  feet  in  Shady  Valley,  but  stations  at  approximately  2500  feet  are 
cited  (Barclay  1957).  The  southern  station  in  Polk  Co.  is  one  of  the 
lowest  at  1450  feet. 

As  far  south  as  northern  Tennessee-North  Carolina  the  species  occurs 
in  flat  expanses  at  both  high  and  low  elevations.  This  bimodal 
occurrence  is  best  explained  by  climatic  factors. 


b.  coastal  areas 

South  from  Delaware,  _V.  macrocarpon  occurs  on  the  coastal  plain  in 
Maryland  (Sipple  and  Klockner  1980),  then  into  Dare  and  Currituck 
Counties  in  eastern  North  Carolina.  There  are  collections  from  tidewater 
Virginia  (Kearney  1901),  and  from  Bladen  County,  in  southeastern  North 
Carolina  (an  1896  collection),  but  neither  of  these  stations  has  been 
re-located  recently.  With  the  exception  of  the  Bladen  Co.  site,  all 
these  stations  are  in  close  proximity  to  the  coast,  and  they  are  all  east 
of  the  glacial  scarps  described  by  Flint  (1971). 


GEOLOGY 


Only  one  geological  factor  seems  to  be  correlated  with  cranberry 
distribution:  the  drainage  and  erosion  patterns  caused  by  rock  types, 
faulting,  and  folding.  Dendritic  drainages  form  "where  bedrock 
resistance  to  erosion  is  uniform  over  the  entire  basin"  (Bickford,  e  t 
a  1  .  ,  1  97  3  ).  Dendritic  drainages  that  are  not  incised  most  consistently 

produce  U-shaped  valleys  with  high  water  tables. 
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The  trellis  pattern  is  caused  by  "stream  flow  through  regions  where 
the  underlying  bedrock  is  faulted  and  folded,  and  strata  at  the  surface 
differ  in  their  resistance  to  erosion.  Major  streams  develop  on  the 
weaker  beds  and  short  tributaries  drain  the  ridges  that  form  on  the  most 
resistant  rock."  (Bickford,  _a_l  .  ,  1  973  )  Relief  in  this  type  of 

drainage  is  often  steep  and  wet  areas  are  most  often  found  in  deep 
V-shaped  valleys. 

A  geology  that  produces  high  ground  water  tables  by  restricted 
drainage  or  constant  surface  flow,  and  soils  that  are  relatively 
impermeable,  characterize  the  favored  cranberry  habitats.  These 
conditions  are  most  common  to  dendritic  drainage  patterns  and  all 
cranberry  localities  to  date  are  found  in  these  areas.  No  localities 
have  been  found  in  trellis  areas  south  of  West  Virginia. 

SUMMARY  AND  IMPLICATIONS 

The  cranberry  is  a  species  of  clearly  delineated  habitat.  Though 
dispersal  and  reproduction  are  variable,  establishment  and  maintenance 
occur  only  under  specific  site  conditions  that  are  localized  at  present. 

The  climatic  conditions  necessary  to  provide  the  cold  temperatures 
and  wet  environment  vary  throughout  the  southern  range  of  the  species. 

The  movement  and  route  of  cP  air  would  explain  sites  as  far  south  as 
Linville,  North  Carolina  in  the  mountains,  but  cold  air  drainage  is 
important  to  particular  areas  (Polk  and  Johnson  Counties,  Tennessee,  and 
the  New  River  plateau).  Elevational  cooling  and  cold  air  drainage  may 
explain  the  presence  of  .  macrocarpon  in  Haywood  Co.,  North  Carolina. 

On  the  coast,  sea  breeze  effects  and  cold  air  drainage  are  the  most 
important  factors. 

Drainage  patterns  and/or  soils  that  best  inhibit  drainage,  or 
otherwise  produce  high  ground  water  tables,  would  be  a  constant  physical 
requirement .  Sphagnum  moss,  with  its  modification  of  the  microclimate, 
is  important,  if  not  vital.  On  the  coast  and  in  some  mountainous  areas, 
an  adequate  supply  of  ground  water  and  Sphagnum  insulation,  may  help  to 
compensate  for  ambient  climatic  conditions. 

The  cranberry  is  a  plant  that  is  obligately  tied  to  treeless  areas 
that  are  at  the  same  time  cold  and  wet.  It  is  a  low  growing  plant  and 
can  exist  in  an  extremely  small  area  that  will  maintain  these  conditions. 
The  successional  pattern  of  treeless  areas  is  quite  different  for 
different  geographic  areas,  but  Wright  (1977)  suggests  that  warming 
climate  in  a  Minnesota  bog  would  "permit  a  change  from  herb  to  shrub 
tundra,  and  further  warming  would  initiate  forest  invasion."  Which  tree 
species  might  invade  a  glade  would  be  determined  by  m a c r o c 1 im a t i c 
conditions  and  the  species  available.  But  it  is  possible  for  a  small 
trailing  plant  like  the  cranberry  to  live  adjacent  to  trees  in 
microclimates  that  are  cold  enough  to  inhibit  a  closed  canopy  in  larger 
plants  under  the  control  of  broader  climatic  regimes. 

"It  must  be  recalled  that  the  life  zones  were  worked  out  on  the 
basis  of  the  distribution  chiefly  of  higher  vertebrates  and  seed  plants. 
It  may  be  obvious  that  a  zonation  made  using  the  range  of  invertebrates 
and  cryptogamic  plants  might  well  be  different  in  detail!  We  know  for 
instance  that  the  climatic  conditions  needed  to  produce  a  'Canadian  Zone' 
effect  may  exist  at  much  lower  elevations  and  in  smaller  areas  for  small 
arthropods,  than  for  trees,  birds,  and  mammals"  (Hoffman  1969). 
Cranberries  often  find  their  boreal  niche  in  the  landscape  restricted 
much  as  a  small  arthropod  would,  and  the  vertical  extent  of  the 
microclimate  would  have  a  great  bearing  on  whether  the  bog  was  treeless, 
or  a  shrub  or  herb  bog.  The  distribution  of  cold  temperatures  related  to 
landforms  in  the  southern  Appalachian  Mountains  is  diametric.  As 
elevation  increases  temperature  decreases  proportionately,  but  in  a 
situation  where  cold  air  drainage  is  substantial,  the  temperature  would 
decrease  with  decreasing  elevation.  The  frost  pocket  size  would 
determine  how  large  a  boreal  plant  might  live  within  it  bounds. 

During  the  Pleistocene,  under  the  more  dominant  influence  of  cP  air, 
these  microclimatic  conditions  were  no  doubt  more  extensive  in  area  and 
were  confluent  where  elevation  or  cold  air  drainage  could  provide  the 
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temperatures  necessary  to  inhibit  the  tree  life  form.  The  New  River 
Valley  in  particular  would  have  been  much  colder,  and  there  is  evidence 
that  it  was  so,  and  remains  so  to  this  day.  Hoffman  (1969)  outlined  the 
Teaysian  Biotic  Region,  named  for  the  ancient  Teays  River,  on  the  basis 
of  many  organisms  that  live  in  this  cold  air  swath  from  the  north. 

Harvill  (1979)  cites  17  species  of  vascular  plants  that  avoid  this  i 

drainage,  but  are  found  on  both  eastern  and  western  edges.  The  effects 
are  very  localized,  however,  and  one  plant  will  illustrate  this 
localization  well.  Mistletoe  ( Phoradendron  s  e  r  o  t inum  (Raf.)  M.  C. 
Johnston)  has  a  distribution  related  to  temperature,  possibly  length  of 
growing  season  or  minimum  temperature  in  winter  (Gleason,  and  Cronquist,  | 
1964).  Carroll  County,  Virginia  lies  on  the  Blue  Ridge  escarpment  with  a 
small  corner  in  the  piedmont  drainages,  and  the  rest  of  the  county  in  the 

New  River  Valley.  Mistletoe  is  quite  common  at  the  base  of  the 

escarpment,  as  is  persimmon  (Diospyros  virginiana),  but  neither  of  these 
species  occurs  on  top  of  the  escarpment  until  they  reappear  in  the 
far  northeastern  corner  of  the  county  in  the  middle  of  the  New  River  , 

Valley.  Today,  the  inhibitory  effects  of  cP  air  masses  on  austral 

species  are  quite  localized  in  the  area  just  north  of  the  escarpment.  ' 

There  is  little  reason  to  believe,  however,  that  it  has  always  been  so. 

The  descriptions  of  the  extent  of  Pleistocene  tundra  in  the 
Southeast  are  derived  primarily  from  pollen  studies.  Delcourt  and  1 

Delcourt  (  19  7  9  )  describe  full  glacial  conditions  using  p a  1 y n o 1 o g i c a 1  dataj 
from  a  glade  area  in  Maryland  (Maxwell  and  Davis  1972),  and  , 

extrapolations  based  on  altitude.  "A  belt  of  tundra  and  park-like  tundra 
bordered  the  ice  margins  and  extended  south  along  the  crest  of  the 

Appalachians  at  least  as  far  south  as  Maryland  during  the  late  Wisconsin 

glacial  maximum.  G e omo r ph o 1 o g i c a  1  evidence  of  periglacial  conditions, 
including  relict  patterned  ground  f e a t u r e s  .  .  . w e r e  used  to  project 
elevations  in  the  central  and  southern  Appalachians  where  tundra  may  havei 
occurred  during  the  full  glacial.”  The  glade  in  Maryland  studied  by  ; 

Maxwell  and  Davis  1972  is  on  the  headwaters  of  a  north  flowing  stream,  as 
are  many  other  glades.  But  from  Maryland  south,  the  tundra  has  been  ' 

linked  more  closely  with  balds.  Core  (1949)  suggested  that  the  balds  and 
glades  may  have  had  similar  origins,  and  the  present  cranberry 
distribution  in  both  does  indicate  that  the  areas  have  a  major  climatic 
determinant  in  common.  Cold  temperatures  due  to  high  elevations  result 
in  treeless  conditions  on  mountain  crests,  but  cold  temperatures 
associated  with  either  cP  air  masses  or  cold  air  drainage  (and  their 
close  proximity  to  water  drainage  systems)  result  in  treeless  areas  along 
rivers  or  in  other  cold  air  sinks.  In  the  mountains,  these  areas  would  | 

first  become  confluent  at  the  headwaters  of  north  flowing  drainages  under 
moderate  climatic  cooling,  and  there  would  certainly  be  localized 
occurrences  of  these  low  elevation  frost  pockets  farther  south.  If 
climatic  cooling  continued,  treeless  communities  on  mountain  crests  would  ^ 
decrease  in  altitude,  and  treeless  communities  in  valleys  would 
cross  divides  and  begin  to  move  down  drainages  to  the  south  or  east,  to 
go  lower  in  elevation,  or  move  up  in  elevation  along  sufficient  cold  i 

temperature  drainages.  The  present  distribution  of  the  cranberry  may 
reflect  serial  introductions  during  glacial  advances.  As  glaciers 
subsided,  the  effects  of  cP  air  diminished,  and  the  areas  of  the  sites  | 

contracted  until  most  of  them  in  the  southeast  have  now  only  a  limited  i 

boreal  microclimate  suitable  for  plants  such  as  the  cranberry.  Certainly  i 
these  sites  were  larger  during  glacial  maximum,  and  it  is  possible  to  say  | 
that  either  full  or  park  tundra  was  in  localized  areas  on  both  mountain  ! 
peaks  and  river  valleys  (see  also  Ray,  e  t  a  1 .  ,  196  7  ),  as  far  south  as 

northeastern  North  Carolina. 

Several  of  the  localized  disjuncts  in  the  Southern  Appalachians 
(e.g.  A 1 nu  s  c  r i s  p  a ,  Dal ibarda  re  pens )  may  have  moved  south  via  these 
lower  elevation  sites,  to  become  localized  at  high  elevations  where 
temperature  decrease  upward,  or  at  low  elevations  in  frost  pockets. 

The  coastal  plain  also  changed  greatly  during  the  Pleistocene. 

Flint  (1971)  speaking  of  glacial  maximum  on  the  coastal  plain  says  "its 
increased  area  should  have  improved  its  effectiveness  as  an  avenue  for 
the  movement  of  both  plants  and  animals."  The  coast  shares  with  the 
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mountains  a  capacity  to  generate  weather,  cold  air  sources,  restricted 
drainages,  and  consistent  high  ground  water  tables.  As  ocean  levels 
fell,  no  doubt  many  habitats  were  opened  that  a  b i r d - d i s p e r s e d  plant 
would  rapidly  colonize,  for  both  mountains  and  coast  are  major  bird 
migration  routes.  The  higher  ocean  levels  of  the  in t e r g 1  a c i a  1 s  would 
have  consistently  destroyed  these  coastal  habitats,  and  sea  breeze 
effects  would  oscillate  toward  the  east  as  the  ocean  receded,  and  toward 
the  west  as  it  advanced.  Movement  of  species  back  and  forth  was 
inevitable,  for  coastal  sites  would  have  been  created  or  destroyed  with  a 
higher  frequency  than  in  other  regions.  Any  evidence  for  such  past 
events  is  presently  on  the  ocean  floor,  but  whatever  the  past  conditions, 
the  cranberry  survives  on  the  coast  today  in  a  precarious  niche 
maintained  by  conditions  that  are  subject  to  rapid  change. 

CONCLUSIONS 

Vacc in ium  macrocarpon  is  a  species  that  is  maintained  by  narrowly 
circumscribed  site  conditions.  The  most  important  of  these,  as  with  most 
plant  species,  is  climate.  Climatic  conditions  that  produce  cold  air  in 
the  Southeast  are  of  four  types.  Depending  on  the  geographic  location, 
different  combinations  of  these  factors  supply  the  low  temperatures 
necesary  for  this  boreal  species.  In  the  mountains,  the  movement  and 
effects  of  continental  polar  air,  increasing  elevation,  and  cold  air 
drainage  are  all  important.  On  the  coast,  sea  breeze  effects  and  cold 
air  drainage  dominate. 

The  continental  polar  air  passage  is  of  primary  importance  to 
cranberry  sites  as  far  south  as  northeastern  North  Carolina.  From  here 
southward,  elevation  is  critical,  but  on  the  western  slopes  of  the  Blue 
Ridge,  cold  air  drainage  in  U-shaped  basins  is  a  major  determinant. 

Cold  air  in  the  Southeast  also  influences  precipitation. 
Precipitation  maxima  occur  anywhere  cold  air  contacts  humid  air,  and 
major  sites  for  this  phenomenon  are  the  headwaters  of  rivers  aligned  with 
either  mT  or  cP  air  masses  (particulary  north  flowing  drainages  that 
collect  cP  air),  and  the  land/sea  interface. 

The  extent  of  these  cold,  wet  areas  is  often  small,  and  microcli¬ 
matic  effects  are  extremely  important.  The  growth  form  of  the 
cranberry  enhances  its  ability  to  stay  within  the  bounds  of  this  micro¬ 
climate,  where  arborescent  forms  are  inhibited  or  excluded.  Sphagnum 
moss,  with  its  great  water  holding  capacity  and  its  acidity,  is  an 
important  component  of  this  microclimate.  The  water  holding  ability 
helps  maintain  microclimatic  conditions,  or  at  least  moderates  ambient 
temperature  extremes,  and  the  acidity  makes  different  edaphic  types  more 
available  for  the  cranberry.  S  ph  agnum  also  moderates  variations  in 
ground  water  level. 

The  species  biology  indicates  that,  with  the  possible  exceptions  of 
availability  of  pollinators  and  specific  site  preference,  the  cranberry 
has  no  weak  links.  Indeed,  it  may  be  dispersed  by  a  great  variety  of 
organisms,  to  specific  habitats  that  may  be  widely  spaced,  and  may 
reproduce  successfully  under  a  variety  of  situations  by  alternating 
asexual  or  sexual  reproduction  as  appropriate.  The  extensive  range  of 
the  species  is  a  tribute  to  the  success  of  this  ability  to  disperse  and 
establish  under  changing  climatic  conditions.  Maintenance  in 
microclimatically  delineated  habitats  has  enabled  it  to  survive  in  the 
Southeast,  after  migration  during  glacial  advances.  The  farther  south  a 
site  is,  the  smaller  this  boreal  microclimate  would  be;  and  thus  the 
smaller  a  boreal  organism  must  be  to  stay  within  cold  effects.  If  the 
microclimate  becomes  so  limited  in  area  that  roots  of  arborescent  species 
are  not  inhibited,  the  cranberry  is  eliminated,  for  it  will  not  tolerate 
a  closed  canopy.  This  obligate  relationship  to  treeless  areas  indicates 
that  climatic  effects  produce  cold  temperatures  at  both,  and  points  to  a 
common  climatic  determinant  for  balds  and  glades.  The  distribution  of 
the  cranberries,  and  hence  move  in  to  distribution  of  cold  temperatures, 
indicates  that  tundra  was  formed  in  these  localities  in  the  Southeast, 
and  also  in  several  more  localized  areas.  Cranberry  distribution 
may  also  help  explain  at  least  two  unusual  gaps  in  the  distribution  of 
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the  Virginia  flora;  austral  species  that  have  not  invaded  the  New  River 
Valley,  and  the  mountain-coastal  plain  disjuncts. 

In  specific  sites,  the  cranberry  has  cultivation  potential  in  the 
Southeastern  United  States.  All  the  important  habitat  factors  (climate, 
substrate,  water,  and  photoperiod)  compare  well  with  areas  where 
cultivation  is  successful.  Along  with  the  potential  to  propagate 
cranberries,  man  also  has  the  ability  to  destroy  them  and  has  a  lengthy 
historical  record  of  doing  just  that.  Habitats  suitable  for  cranberries, 
when  drained,  often  sustain  pasture  grasses,  and  when  dammed  and  flooded, 
will  produce  excellent  ponds.  In  Virginia,  even  unsuccessful  attempts  to 
drain  wetlands  for  pasture  have  nevertheless  been  successful  in 
decimating  cranberry  populations.  The  geological  and  edaphic  conditions 
that  maintain  high  water  tables  make  wetlands  ideal  sites  for  ponds,  and 
there  is  no  doubt  that  many  of  these  areas  are  now  submerged.  The  very 
conditions  that  make  these  areas  important  to  the  cranberry  also  make 
them  important  to  man.  In  the  past,  almost  any  flat  expanse  in  the 
Southeast  has  been  cultivated  to  some  extent.  There  is  an  increasing 
amount  of  data  to  indicate  that  man  may  modify  climate.  It  is  important 
to  emphasize  that  microclimate  modification,  particularly  on  the  coastal 
plain,  does  not  require  large  scale  environmental  manipulation. 

Though  endangered  or  threatened  in  the  Southeastern  States,  the 
large  fruited  Cranberry  is  a  successful  species.  It  has  survived  for 
many  thousands  of  years  in  habitats  ranging  from  high  altitude  to  sea 
level,  has  moved  across  much  of  eastern  North  America  and,  probably, 
through  hybridization,  produced  a  species  of  cranberry  which  is  now 
found  throughout  the  world.  The  small  size  of  the  species,  a  fruit 
potentially  as  motile  as  the  birds  that  fly  over  its  habitat,  and  the 
ability  to  compete  with  arborescent  life  forms  under  cold  conditions,  are 
all  certainly  important  and  successful  adaptations  throughout  its  range. 
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Abstract 


Many  state  and  local  efforts  have  been  made  to  promote 
environmental  education  in  Virginia's  public  schools.  There 
is  evidence  that  most  schools  in  the  state  provide  some 
environmental  education  for  their  students.  However, 
because  of  the  manner  in  which  environmental  education  has 
been  defined  and  treated,  it  is  often  difficult  to  determine 
where  it  exists  or  its  effects.  Needs  for  the  future  are 
addressed . 


Over  a  Decade  of  Public  School  Environmental  Education 
Effort 


In  Virginia,  as  in  many  other  states,  organized  efforts 
to  promote  something  called  "environmental  education"  began 
in  the  early  1970' s.  In  1970  a  committee  of  Virginia 
Deparrment  of  Education  personnel  was  formed  to  assess  the 
environmental  education  needs  of  Virginia's  schools  and  to 
make  recommendations  for  addressing  those  needs.  One  result 
was  the  development  and  distribution  of  a  brochure  titled 
Man  and  Hi s  Envi ronment  (Department  of  Education,  1971), 
v;hich  defined  environmental  education  by  asking  and 
responding  to  several  questions  concerning  environmental 
education . 

In  1973  the  Virginia  Legislature  passed  a  resolution 
(H.J.R.  198)  directing  the  State  Board  of  Education  to 

develop  a  plan  and  a  program  of  environmental  education  for 
the  schools  of  the  Commonwealth.  A  response  to  that 
resolution  was  the  development  of  the  Environmental 
Education  Guide  K- 12  by  the  Virginia  Department  of  Education 
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(1974).  The  guide,  which  was  distributed  to  all  schools  in 
the  state,  provides  the  following  definition  of 
environmental  education: 

Environmental  Education  is  intended  to 
promote  among  citizens  the  awareness  and 
understanding  of  the  environment,  our 
relationship  to  it,  and  the  concern  and 
responsible  action  necessary  to  insure 
our  survival  and  to  improve  the  quality 
of  life. 

The  guide  contains  a  philosophy,  objectives  and  suggested 
instructional  procedures  for  environmental  education.  The 
Virginia  Department  of  Education  also  sponsored 
environmental  education  workshops  for  teachers  at  several 
state  universities  during  the  summers  of  1974  and  1975.  The 
workshops  were  designed  to  promote  implementation  of 
interdisciplinary  programs  and  to  assist  teachers  in 
identifying  environmental  education  resources  and  activities 
to  promote  the  development  of  environmentally  related 
concepts  and  skills  among  their  students. 

During  the  1975/76  academic  year  the  Virginia 
Department  of  Education  was  supported  by  a  Federal  grant 
under  P.L.  91-516  to  conduct  regional  workshops  for  school 
teachers  and  administrative  personnel.  Seven  regional 
workshops  were  planned  and  conducted  to  promote  the  planning 
and  implementation  of  effective  interdisciplinary 
environmental  education  programs  in  school  systems.  Each 
school  system  was  invited  to  send  representatives  to  the 
workshops  who  could  help  facilitate  the  development  of 
environmental  education  programs  in  its  schools. 

A  position  of  Supervisor  of  Environmental  Education  was 
established  at  the  Virginia  Department  of  Education  under 
federal  funding  for  the  1975/76  academic  year  and  the 
position  was  filled  for  most  of  that  period.  The  supervisor 
encouraged  the  infusion  of  environmental  education 
activities  into  school  curricula  and  involved  many  people  in 
efforts  to  establish  environmental  education  programs 
throughout  the  State.  The  position  of  Supervisor  of 
Environmental  Education  was  not  supported  by  the  Virginia 
Department  of  Education  beyond  the  1975/76  academic  year, 
but  subsequent  efforts  have  been  made  by  other  personnel 
within  the  Department  to  promote  environmental  education  in 
the  schools. 

In  1982,  Virginia  Department  of  Education  personnel 
worked  cooperatively  with  Project  Learning  Tree  (PLT)  staff 
to  introduce  teachers  and  other  educators  to  the  PLT 
instructional  materials  and  to  provide  preparation  for  the 
use  of  those  materials.  PLT  is  a  multidisciplinary 
environmental  education  program  designed  to  be  used  as  a 
supplement  to  the  regular  elementary  and  secondary  school 
curricula.  This  nationally  disseminated  program  was 
developed  by  the  Western  Regional  Environmental  Education 
Council  and  sponsored  by  the  American  Forest  Institute. 
Approximately  ninety  educators  attended  three  initial  PLT 
workshops  in  Virginia  and  have  returned  to  their  school 
systems  and  institutions  to  introduce  the  program  to 
hundreds  of  others  who  have  educational  responsibilities. 

Throughout  the  past  decade,  many  local  school  systems, 
universities,  state  and  federal  agencies,  private 
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cooperations,  citizens  groups,  other  organizations  and 
individuals  have  contributed  to  the  promotion  of 
environmental  education  among  Virginia's  students  and 
general  citizenry.  Notable  among  the  school  system  programs 
and  efforts  is  Orange  County's  Comprehensive  School  Ecology 
Pro j  ect  ( COMSEP )  which  was  funded  under  ESEA,  Title  IV-C. 

The  program  was  planned  and  implemented  as  a  comprehensive 
program  including  all  grade  levels  and  subjects  and 
involving  students,  teachers,  and  people  of  the  community. 
This  comprehensiveness  along  with  enthusiastic  leadership 
has  probably  accounted  for  the  continued  existence  of  the 
program.  Fairfax  County  and  Henrico  County  School  Systems 
are  among  approximately  a  dozen  other  school  systems  that 
have  developed  specific  plans  of  action  or  curricula  to 
provide  environmental  education  for  their  students. 

Additionally,  some  school  systems  have  contributed  to 
environmental  education  by  sharing  ideas  and  resources  to 
help  students,  teachers  and  other  personnel  develop 
environmental  concepts  and  skills.  The  Science  and 
Mathematics  Center,  supported  by  several  school  systems  in 
the  Richmond  area,  through  some  of  its  learning  and 
experiential  activities,  provides  a  unique  example  of  such 
efforts.  Other  joint  efforts  of  school  systems  have  been 
less  evident.  Some  school  environmental  education  programs 
may  not  have  been  established  as  continuing  programs  but 
only  as  programs  to  initate  the  integration  of  environmental 
education  into  existing  school  curricula.  In  such  cases, 
the  amount  of  environmental  education  presently  existing  in 
the  targeted  curricula  is  difficult  to  determine. 

Colleges  and  universities  within  rhe  state  have 
supported  environmental  education,  and  in  many  cases 
personnel  of  higher  education  institutions  have  been  in  the 
forefront  in  trying  to  promote  environmental  education  in 
schools.  Many  of  the  colleges  and  universities  have 
sponsored  or  cooperated  in  the  planning  of  projects, 
workshops,  semhnars,  and  conferences  designed  to  provide 
inservice  training  in  environmental  education  for  teachers 
or  to  help  develop  instructional  materials  on  the 
environment  for  use  in  the  schools.  Virginia  State 
University,  Virginia  Polytechnic  Institute  and  State 
University,  Longwood  College,  and  the  College  of  William  and 
Mary  are  among  the  four  year  institutions  that  have 
cooperated  with  the  Virginia  Resource  Use  Education  Council 
and  the  Virginia  Department  of  Education  for  many  years  to 
provide  summer  programs  in  conservation  and  environmental 
education  for  teachers.  For  several  years  Paul  D.  Camp  and 
Mountain  Empire  Community  Colleges  have  offered  three-week 
summer  courses  for  teachers  called  "Man  and  the 
Environment . " 

Some  governmental  agencies  have  attempted  to  help 
promote  environmental  education  in  the  schools  of  the  state 
through  their  planned  programs  and  by  supporting  the  efforts 
of  other  individuals  and  organizations.  Examples  of  the 
state  agencies  that  have  contributed  are  the  Virginia  Energy 
Office  through  its  Energy  in  the  Classroom  Activity  Guides 
for  K-12  (1975),  its  films  and  film  strips;  and  the  Virginia 
Division  of  Litter  Control  through  its  Litter  Control 
Project  Guide  for  Elementary  School  Teachers  (1978),  its  K-6 
Curriculum  called  Operation  Waste  Watch  and  other 
activities.  Other  agencies  among  those  that  have  provided 
materials  and  services  for  teachers  and  students  are  the 
Virginia  Institute  of  Marine  Science  via  the  Sea  Grant 
Marine  Education  Programs,  the  Water  Resources  Research 
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Center  at  Virginia  Tech,  the  Virginia  Division  of  Forestry, 
the  Virginia  Commission  of  Game  and  Inland  Fisheries,  the 
Virginia  Division  of  Mineral  Resources,  and  Virginia's 
Council  on  the  Environment.  Among  the  federal  agencies  to 
provide  curriculum  materials  and  other  support  for 
environmental  education  in  Virginia  are  the  Forest  Service 
of  the  U.S.  Department  of  Agriculture  and  the  U.S.  Office 
of  Energy. 

The  National  Wildlife  Federation,  the  Audubon  Society, 
the  Garden  Club  of  Virginia,  the  Virginia  Federation  of 
Garden  Clubs,  the  Virginia  Forestry  Association,  the  Sierra 
Club  and  the  Izaac  Walton  League  are  among  the  many 
organizations  that  have  contributed  to  and  supported  various 
aspects  of  environmental  awareness  and  education  in  the 
schools  as  well  as  in  the  community.  Interactions  among 
educators,  citizens  and  persons  from  governmental  agencies, 
private  organizations  and  professional  organizations  who 
were  interested  in  environmental  education  led  to  the 
establishment  of  the  Virginia  Association  for  Environmental 
Education  ( VAEE )  in  1979.  Among  the  stated  goals  and 
objectives  of  VAEE  are  promoting  environmental  education  in 
the  schools  of  Virginia,  facilitating  communication 
concerning  all  aspects  of  environmental  education,  and 
evaluating  the  status  of  environmental  education  in 
Virginia's  public  schools. 

Obviously  there  have  been  many  significant 
environmental  education  efforts  made  by  agencies,  groups  and 
individuals  in  Virginia  that  have  not  been  mentioned  above. 
The  intent  here  was  only  to  identify  examples  of  activities 
and  programs  rather  than  to  cite  every  effort  to  promote 
environmental  education  in  Virginia.  Activities  of  the 
Virginia  Department  of  Education  were  highlighted  because 
that  agency  was  viewed  as  having  more  potential  for 
influencing  the  development  of  environmental  education  in 
the  public  schools,  starev/ide,  than  other  agencies,  groups 
and  individuals  which  may  be  identified. 


The  Status  of  Envi ronmental  Education  in  Vi rgini a ' s  Schools 

The  Envi ronmental  Education  Guide  K- 12  published  by  the 
Virginia  Department  of  Education  (1974)  indicated  that  in 
order  to  meet  the  objectives  that  were  identified, 
environmental  education  programs  had  to  (1)  be  developed  by 
local  schools  or  school  systems  considering  their  resources 
and  students,  (2)  be  interdisciplinary  in  nature,  (3)  be 
activity  and  student  centered,  (4)  have  a  future 
orientation,  and  (5)  build  toward  a  "spaceship  earth"  view 
of  the  environment.  In  Man  and  Hi s  Envi ronment  the  Virginia 
Department  of  Education  (1971)  stated  that  an  effective 
environmental  education  program  must  begin  in  kindergarten 
and  extend  through  all  levels  of  education. 

It  appears  that  local  school  systems  committed 
themselves  to  the  guidelines  provided  by  the  Virginia 
Department  of  Education  to  varying  degrees.  A  survey 
(Pettus  and  Schwaab,  1978/79)  of  Virginia  school  principals 
revealed  that  the  vast  majority  of  schools  in  the  state 
provided  environmental  education  on  an  average  of  an  hour  or 
less  per  week.  A  higher  percentage  of  elementary  schools 
than  secondary  schools  provided  environmental  education  but 
less  time  was  spent  on  it  per  week  at  the  elementary  grade 
levels.  The  methods  used  to  plan  and  implement 
environmental  education  programs  were  quite  diverse. 
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Results  of  a  later  survey  (Pettus  and  Teates,  1982)  of 
Virginia  public  school  teachers  paralleled  the  results  of 
the  survey  of  principals  but  revealed  less  progress  toward 
the  inclusion  of  environmental  education  experiences  and 
activities  in  school  courses  and  programs.  Results  of  both 
survey  studies  indicated  that  when  and  where  environmental 
education  was  taught,  emphasis  was  on  knowledge  and 
awareness  of  energy  and  pollution  problems  v/ith  little  or  no 
attention  being  given  to  developing  skills  or  strategies  for 
solving  environmental  problems. 

Following  the  1973-74  OPEC  oil  embargo,  considerable 
attention  was  focused  on  energy  education  in  Virginia,  as 
was  the  case  elsewhere  in  the  U.S.  There  is  evidence  that 
this  particular  aspect  of  environmental  education  continues 
to  receive  some  attention  and  energy  education  content  has 
been  incorporated  in  some  adopted  instructional  programs. 
However,  since  the  oil  embargo,  other  events  and  conditions 
have  created  an  awareness  of  the  need  to  emphasize  other 
aspects  of  the  environment  and  environmental  quality. 
Incidents  such  as  the  kepone  contamination  of  the  James 
River  in  Virginia  and  the  chemical  pollution  of  the  Love 
Canal  community  in  New  York  have  served  to  point  out  a  need 
to  attend  to  all  aspects  of  the  environment  in  environmental 
education  programs. 

Assessing  the  status  of  environmental,  education  in 
Virginia  or  anywhere  in  the  country  tends  to  be  difficult 
and  the  results  are  so  tenuous  as  to  leave  much  to  be 
desired.  The  interdisciplinary  nature  of  environmental 
education  and  the  interdisciplinary  focus  advocated  for  its 
implementation  are  among  the  factors  that  have  made  it 
difficult  to  determine  the  extent  and  effects  of 
environmental  education  efforts  in  schools.  It  has  been 
stated  that,  "Only  by  having  experiences  vjhich  draw 
simultaneously  from  different  subject  areas  (e.g.,  science, 
social  studies,  math)  can  students  begin  to  appreciate  and 
understand  the  scope  and  complexity  of  environmental 
phenomena."  (Virginia  Department  of  Education,  1974). 
Because  it  is  often  difficult  to  determine  the  exact  nature 
or  results  of  the  environmental  education  included  in  each 
area,  however,  it  appears  that  all  teachers  and  educators 
are  responsible  for  environmental  education  but  no  one  can 
be  held  accountable  for  it. 

Another  factor  contributing  to  assessment  difficulties 
is  the  lack  of  a  functional  definition  of  environmental 
education.  As  Bottinelli  (1976)  stated,  "no  well- 
established  set  of  criteria  exists  for  recognizing  and 
distinguishing  environmental  education  programs.  .  ."  Some 

persons  may  consider  all  education  to  be  environmental, 
while  others  may  think  of  specific  types  of  content  and 
experiences  presented  in  specific  ways  as  comprising 
environmental  education. 

It  should  be  obvious  that  the  writers  are  not  certain 
of  the  status  of  environmental  education  in  Virginia's 
schools.  However,  it  is  probably  safe  to  say  that  the 
objectives  for  environmental  education  are  'not  being 
completely  realized.  Much  of  the  environmental  education 
students  receive  is  incidental  or  accidental.  Teachers  and 
other  school  personnel  can  choose  to  make  a  conscious  effort 
to  include  environmental  education  in  the  curriculum  or  to 
omit  it  v/ithout  any  short  term  realization  of  the 
consequences--prof essionally  or  environmentally.  In  most 
cases,  there  has  been  a  casual  and  somewhat  generalized 
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treatment  of  environmental  education  without  adequate  effort 
given  to  assessing  the  nature  and  effectiveness  of  the 
activities . 


The  Future  of  Environmental  Education  in  the  Schools 

Perhaps,  with  the  continuing  and  concerted  efforts  of 
those  committed  to  promoting  environmental  education,  more 
progress  will  be  made  in  identifying  and  providing  effective 
environmental  education  for  students  in  Virginia.  Many 
educators  are  beginning  to  use  the  inclusion  of 
environmental  content  as  one  criterion  for  recommending  the 
adoption  of  instructional  programs.  Also,  some  of  the 
Standards  of  Learning  Objectives  developed  by  the  Virginia 
Department  of  Education  for  specific  subject  areas, 
especially  those  for  science,  social  studies,  and  health 
require  the  development  of  environmental  concepts  and 
skills . 

For  the  future,  there  appears  to  be  a  need  for  better 
coordination  of  the  many  environmental  education  activities 
occurring  in  the  state  no  enhance  their  effectiveness  and  to 
provide  a  comprehensive  program  for  Virginia's  public  school 
students.  Attention  needs  to  be  given  to; 

1.  defining  environmental  education  operationally 
so  that  it  can  be  recognized  where  or  when  it 
exi sts , 

2.  identifying  the  best  ways  to  integrate 
environmental  education  into  the  school 
curriculum,  the  most  effective  methodologies 
to  use  in  providing  environmental  education 
instruction,  and  the  most  effective  ways  to 
prepare  teachers  to  provide  good  environmental 
education, 

3.  identifying  or  developing  reliable  and  valid 
ways  of  assessing  the  short-term  effects  of 
specific  environmental  education  efforts,  and 

4.  assessing  the  outcomes  of  environmental 
education  on  a  broad  scale  and  over  extended 
periods  of  time. 

Progress  in  environmental  education  in  Virginia's  schools 
will  continue  to  require  the  support  and  efforts  of 
educators,  government,  industry,  citizens  groups,  and  many 
individuals . 
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ABSTRACT:  Activities  are  described  which  have  been  undertaken  to  emphasize 
and  encourage  botanical  interest  and  botanical  studies  by  students  (and  the 
community  at  large)  within  the  context  of  a  liberal  arts  curriculum. 


INTRODUCTION 

I  would  like  to  report  my  efforts  and  the  efforts  of  my  colleagues 
in  emphasizing  the  botanical  aspects  of  a  liberal  education.  We  have 
been  fortunate  as  a  result  of  a  number  of  circumstances,  a  unique 
combination  of  talents  and  the  botanical  commitment  of  a  sequence  of 
individuals.  William  and  Mary  is  a  small  (approximately  5000  under¬ 
graduates)  ,  state-supported,  quality,  liberal  arts  college  with  signif¬ 
icant  programs  in  the  sciences  (all  students  must  take  a  laboratory 
course)  and  a  relatively  balanced  representation  of  sub-disciplines  in 
the  Department  of  Biology.  The  physical  facilities  include  a  spacious 
greenhouse  which  provides,  as  a  result  of  the  unique  architectural 
design,  a  focal  point  for  our  botanical  program.  The  mild  Williamsburg 
climate,  as  a  result  of  the  ameliorating  influence  of  our  location  on 
a  peninsula,  is  responsible  for  establishing  the  northern  limit  for  a 
number  of  southern  species  and  the  southern  boundary  for  a  few  northern 
plants.  Facilities,  expertise,  environment  and  support  from  the 
community  and  administration  have  provided  a  pleasing  botanical  atmosphere 
where  my  primary  limitation  has  been  imagination, 

ACADEMIC  PROGRAM 

The  members  of  the  Department  of  Biology  have  been  very  aware  of 
the  importance  of  a  balanced  program  involving  a  curriculum  containing 
a  significant  botanical  component.  This  is  in  contrast  to  many  "Biology” 
Departments  where  a  few  "token  botanists"  who  do  plants.  The  introductory 
sequence  involves  a  semester  of  Principles  of  Biology  followed  by  either 
General  Zoology  or  General  Botany  (majors  must  take  all  three  courses) . 

The  Biology  faculty  of  20  includes  6  botanists  who  offer  courses  in  Ecology, 
Plant  Anatomy  and  Morphology,  Plant  Physiology,  Plant  Development,  Mycology, 
Environmental  Botany  and  Plant  Taxonomy.  Supporting  courses  in  Principles 
of  Biology,  Genetics,  Gell  Biology,  Microbiology,  Biochemistry  and 
Statistics  provide  a  firm  foundation  for  a  basic  Botany  program.  I  also 
offer  a  course  which  is  designed  for  non-majors  who  by-pass  the  rigors  of 
our  introductory  lecture  -  laboratory  sequence.  This  course,  the 
Green  World,  emphasizes  the  practical  aspects  of  Botany  and  since  enroll¬ 
ment  is  based  on  interest  in  learning  about  plants,  it  provides  botanical 
information  for  a  population  of  students  who  may  not  take  additional  Biology 
courses.  Enrollments  in  the  Botany  courses  have  reflected  a  continuing 
interest  and  the  placement  of  students  in  graduate  programs  has  demonstrated 
the  professional  continuation  of  botanical  studies.  We  have  been  fortunate 
to  be  able  to  establish  botany  within  the  framework  of  a  Biology  Department. 
In  my  courses,  I  try  to  capitalize  on  the  visual  nature  of  botany  and  use 
a  wide  selection  of  slides.  I  also  tape  all  lectures  and  place  these 
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audio-visual  materials  in  the  Educational  Media  section  of  the  main  library. 
The  library  also  houses  a  file  of  old  exams  which  I  maintain.  The  learning 
process  is  also  promoted  by  the  use  of  a  booklet  of  lecture  figures  in 
each  of  my  courses,  an  occasional  magic  illusion,  a  3-D  lecture  with 
special  glasses  and  custom  decorated  lecture  pointers  festooned  with 
plastic  flowers,  roots  or  leaves. 

Ancillary  programs  have  contributed  directly  toward  achieving  our 
academic  objectives.  Our  program  has  a  significant  commitment  to  teaching 
but  is  balanced  by  an  emphasis  on  research.  Faculty  research  and  involve¬ 
ment  is  encouraged  through  internal  programs  of  competitive  Summer 
Fellowships  and  a  Faculty  Leave  Program.  An  interest  in  biological 
research  is  passed  from  faculty  to  graduate  students  in  our  Master  of 
Science  program  and  to  undergraduates  enrolled  in  research-oriented 
courses.  In  our  undergraduate  Researc  h  Problems  course,  students  are 
introduced  to  areas  of  botanical  research,  for  variable  credit,  in  various 
topic  areas.  Student  and  faculty  interests  are  also  meshed  in  our  Honors 
program  where  students  develop  an  undergraduate  research  project  with  a 
formal  committee  and  a  thesis.  These  courses  provide  a  progressive 
introduction  to  research  and  preparation  for  future  Involvement  in 
botanical  studies. 

The  course-work  and  research  commitment  provide  a  botanical  pre¬ 
paration  only  for  those  who  are  already  aware  of  the  "things"  you  can  do 
with  plants.  A  basic  botanical  informational  problem  exists  as  a  result 
of  an  emphasis  on  animal  and  human  systems  in  our  educational  system. 

I  feel  that  a  comprehensive  college  program  in  botanical  science  should 
involve  a  wide  variety  of  levels  and  approaches  which  are  designed  to 
Inform  a  broad  spectrum  of  individuals  concerning  the  importance  and 
the  abundance  of  botanical  endeavors.  As  an  example,  we  schedule  an 
annual  overnight  trip  to  illustrate  areas  of  current  research  and  applied 
botany.  The  Washington  area  provides  an  excellent  opportunity  to  visit 
the  Botanical  Gardens,  National  Arboretum,  Botany  Department  at  the 
University  of  Maryland,  and  other  points  of  interest.  Scientists 
at  the  Department  of  Agriculture  in  Beltsville  have  also  been  generous 
in  allowing  us  to  tour  their  laboratories.  This  trip  has  been  infor¬ 
mative  for  students  and  faculty  and  has  permitted  discussion  outside  the 
classroom  atmosphere. 

I  have  developed  a  number  of  services  which  are  designed  to  clearly 
demonstrate  the  presence  of  an  active  botany  faculty,  the  physical 
location  of  our  facilities  and  a  plethora  of  activities.  We  have  attempted 
to:  1-  encourage  people  to  come  and  see:  2-  send  out  an  educational 

message:  3-  involve  a  large  number  of  Individuals:  and  4-  provide  a 

showcase  to  illustrate  our  program. 

PROGRAMMATIC  CONSTITUENTS 

In  the  first  category,  I  try  to  Introduce  in-coming  students  to  our 
botany  program  by  providing  freshmen  with  cuttings  from  our  greenhouse 
collection.  They  benefit  from  finding  their  way  to  the  greenhouse 
before  classes  begin  and  we  dispense  superfluous  plant  materials  which 
have  been  pruned  to  control  the  summer  flush  of  growth.  We  provide  free 
plants  and  occasionally  kindle  a  little  curiosity  when  a  few  students 
return  to  learn  the  name  of  the  unlabelled  cutting  which  actually  produced 
a  vigorous  dormitory  plant.  General  housekeeping  chores  also  generate 
periodic  prunings  which  are  available  to  students,  visitors  and  staff 
who  sample  the  "Free  Cutting"  box  at  the  greenhouse  entrance.  Free 
cuttings  from  the  greenhouse  collection  also  provide  an  attraction  and  a 
point  of  discussion  for  alumni  and  parents  on  Saturdays  when  football 
fans  gather  for  Parents  Weekend  and  Homecoming  festivities.  The  open 
greenhouse  announcement  at  the  football  game  half-time  is  an  uncommon 
use  of  athletics  to  promote  academics. 
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Private  funds  have  been  obtained  to  dress-up  the  formerly  drab  green¬ 
house  entrance  hall  and  create  an  interesting  display  area.  We  purchased 
grass-green  outdoor  carpeting  and  I  designed  window  display  shelves,  plant 
display  cases,  a  large  case  for  laboratory  demonstrations,  a  large  flower¬ 
shaped  (black-eyed  susan)  bulletin  board,  and  a  variety  of  pictures  and 
posters  including  one  of  a  certain  noxious  weed  used  in  hemp  production. 
Hard-core  zoologists  are  enticed  to  visit  the  greenhouse  to  view  a  few 
animals  housed  in  a  large  snake  case,  a  bird  enclosure  with  a  unique  design 
and  an  aquarium  with  native  species  of  fish.  The  walls  of  the  display  area 
are  also  graced  with  a  colorful  mural  which  was  painted  by  a  student 
volunteer  and  depicts  a  twisted  tree  with  ten  different  leaves.  This  is 
complemented  by  herbarium  sheets  which  indicate  the  distribution  and 
characteristics  of  each  of  the  species  of  the  leaves  shown  in  the  painting. 
School  classes  use  this  demonstration  in  leaf  collection  projects.  The 
entire  wall  in  the  stairwell  leading  leading  to  the  rooftop  greenhouse 
is  covered  with  a  multicolored  free-form  floral  Cheiranthus  mural  which  was 
devised  and  painted  by  the  students  in  a  Basic  Design  course.  Faculty 
research  and  teaching  Interests  and  accomplishments  are  illustrated  in 
a  large  Mentor-of-the-Month  rotating  display.  Recorded  messages,  such 
as  "sounds  of  the  swamp",  in  addition  to  in  vivo  birds,  add  an  audio  param¬ 
eter  to  the  area.  A  plant-touch  light  switch  and  an  oblation  box  enhance 
the  botanical  display.  A  shop  facility  and  talented  staff  has  provided 
additional  unique  display  materials  in  the  form  of  a  topiary  snake  and 
a  whimsical  owl  supported  by  a  wire  frame.  The  greenhouse  is  also  the 
site  of  a  plastic  flower  "growing"  in  a  pot  to  illustrate  plant  classifi- 
cat ion-Order-Woolworthiales ,  Family-Plasticaceae ,  Genus-Polyethylena , 
Species-vulgarus ,  Variety-non-vivus ,  Authority-UVM  kleln.  These  displays 
and  additional  service  help  to  familiarize  individuals  with  plants. 

Our  semester  academic  schedule  includes  a  long  holiday  break  when 
greenhouse  space  demands  are  at  a  minimum  and  we  have  the  opportunity 
to  "rent"  space  for  students  who  can  leave  plants  and  by-pass  numerous 
plant  moves  under  adverse  winter  conditions.  For  $. 15/plant  we  provide 
relatively  good  care  for  as  many  as  1200  "Plant  Sitter  Service"  plants 
from  Christmas  to  the  resumption  of  2nd  semester  classes.  For  this  service 
we  obtain  good  will  and  a  small  fund  for  the  purchase  of  additional  exotic 
greenhouse  plants.  The  display  area  has  been  extended  as  a  result  of  a 
gift  of  a  complete  set  of  1925  National  Geographic  Wild  Flowers  of  North 
America  prints  and  has  enabled  us  to  establish  a  permanent  rotating  display 
of  approximately  350  plates,  in  a  very  visible  location  in  the  lobby  of 
our  large  general  auditorium.  These  lovely  prints  are  viewed  by  a  large 
number  of  individuals  and  serve  as  a  point  of  interest  and  advertising. 

The  second  aspect  of  our  program  involves  a  number  of  attempts  to 
provide  public  information  concerning  our  botany  program.  I  try  to  be 
as  available  as  a  family  permits.  The  botanists  on  our  staff  are  involved 
in  the  discussion  of  plant  biology  in  the  local  high  schools,  service 
groups  such  as  a  Rotary,  A.A.R.P.,  and  others  and  maintain  a  good  relation¬ 
ship  with  a  traditional  power  base,  the  Council  of  Garden  Clubs.  Infor¬ 
mation  is  also  provided  by  displaying  a  Plant-of -the-Month  in  a  crop  rota¬ 
tion  between  the  greenhouse,  college  library  and  occasionally  the  city 
library.  This  high  visibility  educational  display  includes  cultural 
requirements  and  a  brief  description  of  the  growth  habit  of  the  featured 
plant.  We  also,  primarily  as  a  result  of  the  efforts  of  Dr.  S.  Ware  and 
Dr.  D.  Ware,  provide  an  additional  service  to  the  community  and  in  some 
cases,  provide  an  additional  supply  of  native  species  for  planting  on  the 
campus.  Individuals  who  wish  to  learn  the  identity  of  native  plants  in 
natural  areas  or  on  building  sites  scheduled  to  be  cleared,  can  call  and 
schedule  an  appointment  for  identification  and  the  assessment  of  the 
Importance  of  the  plants  in  question.  In  one  case,  it  was  possible  for 
the  "Rescue  Service"  to  investigate  an  area  to  be  cleared  for  a  shopping 
center  and  transplant  ferns  to  a  suitable  location  on  the  campus.  The 
college  has  also  co-operated  and  allowed  me  to  organize  a  community 
"dig-in"  to  transplant  plants,  (dogwood,  holly,  mountain  laurel)  from  an 
area  to  be  cleared  for  dormitory  construction.  Interested  individuals 
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were  allowed,  under  controlled  conditions,  to  remove  plants  and  use  the 
transplants  in  their  naturalization  or  landscape  program.  Brief  "ground” 
rules  were  given  by  volunteers  from  local  garden  clubs.  I  offer  an 
informal  course  dealing  with  the  identification  and  cultural  conditions 
for  the  growth  and  maintenance  of  houseplants.  This  course  is  offered 
under  our  Special  Programs  non-credit  division  and  is  open  to  all 
interested  individuals  for  a  reasonable  fee.  A  number  of  course  partici¬ 
pants  have  realized  an  interest  in  plants  and  have  pursued  additional 
courses  in  a  botany  program.  The  informal  course  program  also  includes  a 
short  summer  course  for  an  energetic  group  of  senior  citizens  known  as 
the  Elderhostel.  Discussions  concerning  houseplants  provide  an  avenue  for 
the  exchange  of  ideas. 

An  additional  area  of  our  program  involves  the  use  of  services  of 
chronological  and  monetary  volunteers.  The  primary  volunteer  project 
has  been  labeled  the  "Gray  Panther"  program.  This  arrangement  has 
provided  a  basis  for  my  operational  latitude  and  the  development  of 
additional  projects.  The  volunteer  group  is  composed  of  knowledgeable,  re¬ 
tired  members  of  the  community  who  enjoy  plants,  informal  contact  with 
faculty  and  students  and  wish  to  become  involved  with  the  College.  I 
have,  because  of  the  popularity  of  the  program,  had  to  split  our  original 
group  into  two  separate  teams  which  gather  on  alternate  Friday  mornings. 

These  individuals  perform  a  wide  variety  of  chores  such  as  taking  cuttings, 
fertilizing,  weeding,  potting  and  repotting,  cleaning  floors  and  most 
importantly,  are  personable,  dependable  and  conscientious.  Since  they 
are  not  State  employees,  it  is  possible  to  "use"  these  individuals  in 
give-away  programs.  For  example,  I  can  have  volunteers  prepare  bags  of 
cuttings  for  freshmen  and  visiting  school  groups,  small  plants  planted  in 
cups  for  a  Faculty  Club  cocktail  party,  or  dawn  redwood  seedling  as  favors 
for  our  College  Governing  Board  dinner,  and  they  also  help  with  the  prepa¬ 
ration  of  plants  for  display  and  programs  such  as  the  Plant  Sitter  Service. 
Some  of  the  volunteers  have  tenure  since  the  period  of  service  exceeds  a 
decade  and  thereby,  provide  an  additional  continuity  to  our  program.  We 
express  our  appreciation  for  their  efforts  with  free  cutting  privileges, 
an  occasional  newspaper  article  and  social  gatherings.  I  have  also  pro¬ 
duced  volunteer  identification  badges  with  a  modified  (leaves  substituted 
for  feathers)  green  and  gold  William  and  Mary  Indian  logo.  Very  knowledge¬ 
able  volunteers  are  also  utilized  for  guided  tours  of  the  campus  and 
greenhouse.  The  Council  of  Garden  Clubs  has  provided  a  tour  co-ordinator 
and  six  tour  guides  who  schedule  tours  for  interested  groups.  I  have  a 
short  training  session  and  slide  show  to  provide  basic  facts  but,  in  general, 
they  are  already  very  well  versed  and  add  significantly  to  the  program. 

As  is  true  in  other  programs,  the  positive  attitude  and  cooperation  of 
my  colleagues  in  the  School  of  Education,  Department  of  Biology  and 
administration  has  been  instrumental  in  our  educational  program.  The 
guide  program  allows  "unlimited"  tours  as  a  service  to  area  Garden  Clubs, 
the  adjacent  school  systems,  etc.  and  offers  flexibility  in  terms  of 
content  and  emphasis.  In  some  cases,  it  is  possible  for  the  tour  guides 
to  go  into  the  school  classroom  and  provide  an  introduction  to  the  plants 
which  will  be  featured  on  the  tour.  This  is  followed  by  the  tour  and  free 
sample  plants  for  the  classroom.  I  act  as  the  initial  contact  and  share 
the  products  of  our  botany  program  while  devoting  a  minimal  amount  of  time 
to  the  project.  These  volunteer  programs  extend  our  educational  umbrella 
and  represents  a  considerable  saving  in  State  of  Virginia  labor  costs. 

The  donations  of  labor  and  expertise  are  supplemented  by  a  program  on 
monetary  donations.  I  compose  and  send  (labor  provided  by  the  Phi  Sigma 
Honor  Society)  an  annual  departmental  alumni  newsletter  which  includes 
class  news  and  a  low-key  suggestion  that  funds  can  be  directed  to  support 
biological  programs.  We  try  to  contact  all  biology  alumni  and  have  been 
fortunate  to  receive  an  annual  contribution  of  $500  for  the  express  pur¬ 
pose  of  purchasing  plant  materials.  I  feel  that  the  faculty-student  rela¬ 
tionship  is  unique  and  should  be  maintained  to  contrast  with  professional, 
sometimes  impersonal  requests  for  money.  Private  funds  have  also  been 
requested  in  our  Living  Remembrance  program.  A  descriptive  flyer  states 
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"you  can  remember  or  honor  a  friend  or  loved  one  with  a  living  gift., 
a  new  tree  on  one  of  the  most  beautiful  and  historic  campuses  in  America. 

It  is  a  creative  and  lasting  way  to  say  happy  birthday,  best  of  luck  at 
commencement  time  and  to  celebrate  a  special  anniversary.  A  small  plaque 
at  the  tree  will  explain  to  students,  faculty  alumni  and  visitors  that 
this  special  living  remembrance  was  donated  by  you  in  honor  or  memory  of 
your  friend  or  relative."  An  initial  mailing  of  the  flyer  (included  in  the 
newsletter)  resulted  in  $600.  for  the  planting  of  six  trees  on  the  campus. 
The  species  and  location  is  determined  by  consultation  with  the  Landscape 
Advisory  Committee.  This  committee,  composed  primarily  of  administrators 
and  botany  faculty,  has  a  voice  in  all  aspects  of  the  planning  and 
maintainence  of  plants  on  the  campus  and  therefore,  provides  a  botanical 
emphasis.  Financial  aid  has  also  been  provided  by  each  Senior  Class  which 
designates  a  pledged  gift  to  fund  an  area  of  need  at  the  College.  In  1976, 

I  suggested  the  initiation  of  a  "new"  tradition  in  the  form  of  a  Class 
Tree.  Subsequent  Senior  classes  have  accepted  the  tradition  and  purchased 
exotic  trees  with  the  extablsihment  of  a  small  fund  for  the  maintainence 
and  replacement  of  individual  plants.  Fund  raising  projects  by  the  Biology 
Club  and  the  Phi  Sigma  Society  have  used  bumper  stickers  and  T-shirts 
to  further  demonstrate  a  botanical  presence. 

Our  Botany  program  also  involves  a  showcase  of  activities  which 
emphasize  the  multi-level  aspects  of  our  educational  program.  In 
1974,  I  Initiated  actions  which,  as  a  result  of  administrative  support, 
lead  to  the  establishment  of  the  Wildf lower  Refuge.  The  Refuge  was 
formally  set  aside  by  adoption  of  a  resolution  by  our  College  governing 
board  and  is  controlled  by  a  committee  composed  of  botanists  and  individ¬ 
uals  from  the  community.  The  approximately  five  acre  preserve  in  the  heart 
of  the  campus  contains  a  stream  and  quiet,  shaded  paths  with  benches  for 
relaxation  and  observation  of  the  wildf lowers  and  trees.  A  number  of 
individuals  have  been  included  in  this  aspect  of  our  botany  program  - 
girl  scout  troops  transplanting  ferns,  senior  class  providing  funds  for 
pine  bark  paths  and  a  gazebo,  small  gifts  from  groups  and  individuals 
providing  funds  for  the  purchase  of  native  species  such  as  wild  geranium 
and  flame  azalea.  This  demonstration  of  native  plants  in  action  serves 
as  a  focal  point  and  forms  a  continuum  with  the  surrounding  campus  land¬ 
scape.  We  obtained  private  foundation  funds  for  the  construction  of  a 
rustic  amphitheater  which  seats  approximately  50  people  in  a  natural 
setting  in  the  Wildflower  Refuge.  A  blackboard,  screen  and  electrical 
outlets  are  available  so  botany  classes,  lectures  and  meetings  can  be  held 
under  the  verdant  canopy.  Botany  is  further  emphasized  in  an  informal 
campus  arboretum  which  has  been  established  as  a  result  of  my  suggestion 
and  the  adoption  of  a  resolution  recognizing  the  John  T.  Baldwin,  Jr. 
Memorial  Collection  of  Wood  Species.  Dr.  Baldwin  worked  for  many  years 
to  establish  a  wide  variety  of  trees  which  now  serve  as  the  nucleus  of 
our  collection.  Recent  woody  plant  introductions  have  been  provided, 
free  of  charge,  by  the  National  Arboretum.  As  a  participant  in  the 
Arboretum  program,  we  have  received  a  variety  of  exotic  plants  which  are 
not  available  from  plantsraen.  These  plants  add  to  our  collection  while 
they  are  assessed  for  hardiness. 

The  Memorial  Collection,  the  National  Arboretum  and  Living  Remembrance 
programs,  and  the  class  trees  have  combined  to  produce  a  unique  botanical 
collection  which  has  been  documented  in  an  inventory  project.  A  number 
of  Individual,  students  and  faculty,  have  been  involved  in  the  mapping, 
location  of  all  woody  species  and  plant  identification.  These  efforts 
have  produced  an  inventory  which  lists  the  individual  maps,  scientific 
and  common  name  of  approximately  300  species  and  varieties  and  a  list  of 
special  collections  including  day  lilies,  ivies,  daffodils,  and  hardy 
Opuntias .  This  educational  emphasis  is  extended  to  a  series  of  three  self- 
guided  tours  which  are  available  in  the  display  area  of  the  greenhouse. 

The  first  tour  lists  96  greenhouse  plants  with  a  brief  description  and 
cultural  requirements  while  the  second  tour  lists  63  native  species  and  a 
bird  checklist.  The  third  pamphlet  includes  42  species  in  a  walking  tour 
of  a  portion  of  the  campus.  These  trees  have  been  labeled  using  plastic 
name  plates. 
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Our  attempts  to  provide  a  wide  diversity  of  plants  in  an  organized 
program  have  also  been  supported  by  our  grounds  superintendent.  We  have 
co-operated  by  providing  the  grounds  staff  with  greenhouse  space  for 
the  growth  of  a  variety. of  bedding  plants  such  as  ornamental  kale  peppers, 
Salvia ,  and  they  have  been  able  to  obtain  a  plastic  greenhouse  and  a 
holding  area.  Their  understanding,  planting  of  colorful  summer  beds 
and  assistance  with  a  tree  planting  program  have  added  significantly  to 
my  fostering  of  botany.  Spring  color  has  also  been  bolstered  by  the 
addition  of  4000  donated  daffodil  bulbs  to  scattered  natural  areas. 

I  enjoy  my  work  with  plants  and  have  attempted  to  share  my  enthu¬ 
siasm  in  as  many  ways  as  time,  resources  and  imagination  permit.  We  feel 
that  our  botany  program  has  obvious,  direct  educational  merits  and  in 
addition,  indirect  influences  in  the  development  of  positive  attitudes 
incited  by  our  verdant  environment. 

I  would  like  to  gratefully  acknowledge  the  assistance  of  the  following 
individuals:  Robert  McCartney,  Stewart  Ware,  Louise  Mozingo,  Gus  Hall, 
Donna  Ware,  Roy  Williams,  Thomas  Graves,  Shirley  Mathes,  Mrs.  Arthur  Strong 
and  a  score  of  volunteers. 
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Aeronautical  and  Aerospace  Sciences  Section 

ANALYSIS  OF  ROTATING  COMPRESSIBLE  FLOWS  IN  A  PIE-SHAPED  CYLINDER.  R.Jp  Babarsky* 
&  H.G.  Wood,  III,*  Dept,  of  Mechc  &  AerOo  Engro,  Univ.  of  Va. ,  Charlottesville, 
Va.  22901a  The  prohlem  of  compressible,  nonaxi symmetric  flow  in  a  pie-shaped 
cylinder  rotating  about  the  apex  is  considered.  For  very  high  rotation  rates  a 
boundary-layer-type  approximation  on  the  side  walls  is  used.  A  single  equation 
for  the  axial  velocity  is  obtained  by  formal  application  of  the  theory  of 
matched  asymptotic  expansions,  with  the  square  of  the  peripheral  Mach  number 
taken  to  be  the  basic  parameter.  Solutions  for  the  Ekman-layer  flow  at  the 
horizontal  boundaries  and  buoyancy-layer  flow  along  the  vertical  walls  ( 6=const ) 
provide  matching  for  the  interior  flow  which  is  valid  in  the  region  away  from 
the  axial  and  azimuthal  boundaries.  (Supported  by  Depto  of  Energy,  Contract 
No.  DE-AC05-820R20900. ) 

THE  INFLUENCE  OF  TANDEM  LEBUS  ON  TURBULENT  BOUNDARY  LAYER  WALL  PRESSURE  FLUCTUA¬ 
TIONS.  George  B.  Beeler*,  Viscous  Flow  Branch,  Mail  Stop  163,  NASA  Langley  Res. 
Ctr. ,  Hampton,  VA  23665.  Paper  describes  results  of  an  experimental  study  to 
determine  the  effect  of  two  thin  flat  plates  mounted  in  tandem  and  immersed  in  a 
turbulent  boundary  layer  (tandem  LEBUs)  upon  the  downstream  wall  pressure  fluct¬ 
uations.  Data  indicate  a  frequency  dependent  reduction  (downstream  of  the 
devices)  up  to  25  percent  with  an  average  pressure  fluctuation  reduction  of  12.5 
percent.  This  is  the  same  order  as  previously  observed  skin  friction  reductions 
for  the  same  device  geometry. 

Continued  on  page  164 


Agricultural  Sciences  Section 

INTEGRATION  OF  EDOVUM  PUTTLERI  FOR  LEPTINOTARSA  DECEMLINEATA  CONTROL 
ON  POTATO:  PRELIMINARY  RESULTS.  S.  M.  ANDRUS,  Va.  Truck  and 
Ornamentals  Res.  Station,  Painter,  VA.  23420.  The  compatibility 
O'!"  1*  Puttleri  with  an  entomopathic  fungus,  insect  growth  regulator,  and 
conventional  chemical  and  biological  insecticides  fo!?  control  of 
decemlineata  on  potato  was  evaluated.  Seasonal  phenology 
and  population  dynamics  of  parasite  and  host  were  determined,  and 
comparisons  of  foliar  damage  and  yields  made. 
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SURVEYING  PLANT  PATHOGENS  AS  CANDIDATE  AGENTS  FOR  BIOLOGICAL  CONTROL  OF  WEEDS. 
A.B.A.M.  Baudoin,  Dept,  of  Plant  Path.,  Physiol,  and  Weed  Science,  Va.  Polytech¬ 
nic  Inst,  and  State  Univ.,  Blacksburg,  VA  24061.  Interest  in  the  use  of  plant 
pathogens  for  biological  control  of  weeds  has  increased  rapidly  in  recent  years. 
With  the  "microbial  herbicide"  approach,  one  uses  native  pathogens  and  applies 
inoculum  artificially  to  start  epidemics.  Two  pathogens  are  now  registered  and 
available  in  the  USA  and  several  agents  are  under  development.  In  1983,  a 
survey  for  pathogens  of  the  following  weeds  was  initiated  in  Virginia;  kudzu, 
poison  ivy,  milkweed,  thistles  of  the  genera  Carduus  and  Cirsium,  hemp  dogbane, 
multiflora  rose,  johnsongrass ,  morningglories,  yellow  nutsedge,  and  cocklebur. 
The  suitability  of  pathogens  found  so  far  for  biological  control  will  be  dis¬ 
cussed.  Desirable  features  include:  ease  of  culturing  and  abundant  inoculum 
production,  narrow  host  range,  and  severe  impact  on  the  target  weed  (Supported 
in  part  by  the  Va.  Dept,  of  Highways  and  Transportation). 

EFFECTS  OF  DICLORAN,  IPRODIONE  AND  VINCLOZOLIN  ON  SIZE  AND  FORMATION  OF  SCLERO- 
TIA  OF  SCLEROTINIA  l^INOR.  T.  B.  Brenneman ,  P.  M.  Phipps  and  R.  J.  Stipes,  Dept, 
of  Plant  Path.,  Physiol.,  &  Weed  Sci . ,  VPI  &  SU ,  Blacksburg,  VA  24061.  Dicloran, 
iprodione  and  vinclozolin  each  demonstrated  good  activity  against  mycelial 
growth  of  Sclerotinia  minor;  they  also  influenced  the  size  and  numbers  of  scler- 
otia  formed  in  culture.  Sclerotial  traits  varied  even  on  unamended  media;  four 
field  isolates  produced  sclerotia  on  glucose-yeast  extract  agar  (GYEA)  ranging 
in  size  from  0.90  to  1.60  mm  in  diameter.  Numbers  of  sclerotia  formed  by  the 
same  isolates  varied  from  33.6  to  119.2  per  7  c:x? .  Sclerotia  formed  on  fungi¬ 
cide-amended  GYEA  were  consistently  larger  than  those  produced  on  unamended 
media.  Mean  sizes  for  all  four  isolates  were  1.54,  1.46  and  1.27  mm  on  plates 
amended  with  dicloran,  vinclozolin  and  iprodione ,  respectively;  the  mean  diam¬ 
eter  of  sclerotia  on  unamended  plates  was  1.20  mm.  Numbers  of  sclerotia  formed 
on  media  amended  with  dicloran  and  iprodione  were  significantly  higher  than 
those  formed  on  unamended  plates,  but  exposure  to  vinclozolin  resulted  in  sub¬ 
stantially  reduced  sclerotial  production.  These  data  may  have  epidemiological 
significance  since  sclerotia  are  the  primary  overwintering  propagules  and  serve 
as  the  initial  inoculum  in  successive  seasons . 

COMPARISON  OF  ELEVATED  SLOPED-FLOOR  PENS  WITH  CONVENTIONAL  CRATES  FOR  FARROWING. 
T.  P.  Cain'”',  E.  R.  Collins,  Jr.  &  E.  T.  Kornegay,  Depts.  of  Anim,  Sci.  &  Ag. 
Eng.,  VPI  &  SU,  Blacksburg,  VA  24061.  Farrowing  crates  which  were  developed 
to  reduce  baby  pig  mortality,  to  improve  management  of  the  sow  and  baby  pigs 
and  to  reduce  labor  are  used  extensively  in  the  swine  industry,  but  animal 
welfarists  are  critical  of  farrowing  crates  because  the  sow  cannot  move  around 
freely.  Sloped-floor  farrowing  pens  which  would  allow  the  sow  to  move  around 
were  developmed  and  compared  as  an  alternative  to  crates.  Preliminary  results 
based  on  pigs  survival  rate  at  7,  14  and  21  days,  weaning  weight  and  the  re¬ 
breeding  interval  from  three  replicates  (6  pens  and  6  crates  in  each  replicate) 
suggest  that  the  sloped-floor  pens  are  as  efficient  as  the  conventional  far¬ 
rowing  crates.  Research  is  continuing  and  sow  and  pig  behavior  will  be  studied 
using  time-lapse  photography. 

ECONOMIC  IMPACT  OF  DOG  AND  CAT  FLEAS  IN  VIRGINIA.  Bonny  L.  Dodson  and  W.  H 
Robinson,  Dept.  Ent. ,  Va.  Polytech.  Inst,  and  State  Univ. ,  Blacksburg,  VA  24061. 
Dog  and  cat  fleas,  Ctenocephalides  canis  and  C.  fells,  are  common  insect  pests 
in  and  around  man-made  structures  in  VA.  These  parasitic  insects  affect  the 
health  of  their  normal  hosts,  and  affect  the  physical  and  psychological  well 
being  of  people.  The  impact  dog  and  cat  fleas  have  on  the  quality  of  life  of 
pets  and  people  is  significant.  To  measure  the  monetary  impact  of  fleas  in 
VA,  we  surveyed  the  professional  pest  control  industry.  The  results  indicate  a 
40%  increase  in  the  number  of  chemical  applications  for  household  flea  control 
in  the  last  five  years.  The  pest  control  operators  surveyed  reported  that  the 
average  cost  to  homeowners  for  flea  control  is  approximately  $75.  Approximately 
$2.5  million  is  collected  by  the  pest  control  industry  in  VA  for  residential 
flea  control. 
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:  HIGH  PERFORMANCE  LIQUID  CHROMATOGRAPHIC  (HPLC)  ANALYSIS  OF  DIAMINOBUTRYIC  ACID 
I  (DABA)  IN  FLATPEA,  LATHYRUS  SYLVESTRIS  L.  Joyce  G.  Foster  &  Raymond  J.  Erick¬ 
son^,  USDA-ARS,  Beckley,  WV  25802-0867  &  David  M.  Orcutt,  Dept,  of  Plant 
Pathol.,  Physiol.,  &  Weed  Sci.,  Va.  Tech,  Blacksburg,  VA  24061.  Flatpea,  a 
perennial  legume,  has  potential  agronomic  value  for  the  hill  lands  of  Appalachia. 
A  nonprotein  amino  acid,  DABA,  produced  by  flatpea  has  been  blamed  for  neuro¬ 
toxic  effects  sometimes  observed  in  animals  fed  flatpea  forage.  Understanding 
the  relationship  between  this  antiquality  factor  and  animal  performance  is 
dependent  upon  a  rapid,  quantitative  assay  for  DABA  in  the  various  plant  parts. 
Reverse  phase  HPLC  was  employed  in  the  separation  of  fluorescent  ^-phthalal- 
dehyde  (OPA)  derivatives  of  free  amino  acids  extracted  in  80%  ethanol.  DABA  in 
extracts  was  tentatively  identified  by  comparison  of  the  chromatogram  obtained 
with  that  produced  by  the  pure  compound.  Quantitation  utilizing  the  multiple 
peak  pattern  observed  for  diamino  acids  will  be  discussed  and  its  application 
will  be  illustrated  for  roots  and  shoots  of  N-fed  and  N-fixing  seedlings. 

BASAL  AREA  GROWTH  MODELS  FOR  APPALACHIAN  HARDWOOD  TREES  AFTER  THINNING. 

Wade  C.  Harrison*  &  Thomas  E.  Burk,  Dept,  of  Forestry,  VPI  &  SU.  Blacksburg, 

Va.  24061,  &  Donald  E.  Beck,  USDA  Southeastern  Forest  Exp.  Stn.,  Asheville, 

N.C.  28804.  The  growth  response  of  hardwood  trees  to  thinning  in  even-aged, 
mixed-species  stands  of  the  southern  Appalachians  can  be  predicted  with 
species-specific  linear  regression  equations.  In  each  equation,  the  average 
annual  tree  basal  area  increment  over  a  4  or  5  year  period  is  expressed  as  a 
function  of  2  independent  variables  which  represent  tree  vigor  and  stand  den¬ 
sity  as  affected  by  thinning.  Tree  vigor  is  best  expressed  in  most  of  these 
equations  by  original  tree  basal  area  divided  by  stand  age.  For  fast-growing, 
competitive  species,  available  growing  space  is  expressed  as  the  quantity  of 
stand  basal  area  removed  by  thinning;  for  slow-growing  oaks,  growth-limiting 
competition  is  expressed  as  the  product  of  the  stand  basal  areas  before  and 
after  thinning.  Cross-validation  procedures  indicate  that  predictions  are  on 
the  average  within  one  square  inch  (30%)  of  observed  basal  area  increment. 

EFFECTS  OF  HUMAN  GROWTH  HORMONE  AND  BOVINE  PROLACTIN  ON  MILK  PROTEIN  SYNTHESIS 
IN  BOVINE  MAMMARY  TISSUE  FROM  PREPUBERTAL  HEIFERS.  James  G.  Hart,*  Thomas  B. 
McFadden*,  and  R.  Michael  Akers,  Dept.  Dairy  Sci.,  Va.  Polytechnic  Inst., 
Blacksburg,  Va.  24061.  Mammary  tissues  from  prepubertal  Holstein  heifers  (N=6), 
previously  treated  with  Estradiol  17-beta  +  Progesterone  were  explanted  and 
cultured  in  basal  (BM;  Medium  199  +  insulin  5  yg/ml ,  hydrocortisone  .5  yg/ml 
and  T  .65  nq/ml )  or  stimulatory  [BM  +  25,  250  or  2,500  ng/ml  human  growth 
hormone  (hGH)  or  bovine  prolactin  (BPRL)]  media.  Medium  was  harvested  and 
replaced  after  24  and  48  h  and  cultures  ended  at  96  h.  Concentrations  of 
alpha-lactalbumin  (alac)  in  media  and  explant  homogenates  were  measured  by 
specific  RIA  as  indices  of  lactogenic  response.  Alac  secretion  by  tissues 
from  individual  donors  was  markedly  variable  but  compared  with  BM  treated  ex¬ 
plants,  both  BPRL  and  hGH  elicited  dose  dependent  increases  in  secretion. 

Total  alac  in  media  and  tissue  homogenates  was  increased  26  +7,  68+19, 

110  +  25,  49  +  7,  114  +  15  and  104  +  17  %  above  BM  in  dishes  treated  with  hGH 
and  BPRL  as  described. 
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CHARACTERIZATION  OF  INSULIN  BINDING  IN  LIVER  AND  ADIPOSE  TISSUE  HICROSOMAL 
MEMBRANES.  Joan  Kalnitsky*  and  R.  Michael  Akers,  Dept.  Dairy  Sci.,  Lactation 
Physiology  Lab.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061.  Bovine  adipose 
and  liver  tissue  were  collected  at  slaughter  and  homogenized  in  .3  M  sucrose, 

.3  M  sucrose  with  100  KCU/ml  of  aprotinin  and  .3  M  sucrose  with  100  KCU/ml  and 
.1  mM  PMSF  to  prepare  microsomal  membranes.  Insulin  binding  in  adipose  mem¬ 
branes  was  optimal  when  tissue  was  homogenized  in  .3  M  sucrose  with  aprotinin 
and  PMSF.  Mean  percent  of  total  counts  bound  to  microsomal  membranes  was 
20.8  +  .5  and  17.0  +3.1  (S.D.)  in  male  and  females  respectively.  Percent 
bound  in  the  presence  of  4  yg  of  non-radiolabeled  insulin  averaged  7.4  +  .3  in 
both  male  and  female  membranes.  Time  and  temperature  incubations  were 
analyzed  for  both  adipose  and  liver  binding  systems.  Binding  capacities  were 
measured  at  4°  and  22°C  at  4,  8,  12,  24,  and  48  h  for  liver  and  6,  12,  and  24  h 
for  adipose  microsomal  membranes.  Percent  specific  binding  was  maximal  when 
membranes  were  incubated  for  24  h  at  4°C;  9.0%  .8  and  13.0%  .6  for  liver 

and  adipose  tissue  respectively. 

PREDICTING  YIELDS  OF  THINNED  STANDS  OF  YELLOW-POPLAR.  Bruce  R.  Knoebel , 

Harold  E.  Burkhart,  Dept,  of  Forestry,  VPI  &  SU,  Blacksburg,  VA,  24061,  Donald 
L  Beck,  USFS  Southeast.  Forest  Exp.  Stn.,  Asheville,  NC,  28804.  A  growth  and 
yield  model  for  thinned  stands  of  yel low-poplar  (Liriodendron  tulipifera)  was 
incorporated  into  an  interactive  computer  program.  The  model  consists  of 
simultaneous  growth  and  yield  equations  which  relate  stand  basal -area  growth  and 
cubic-volume  growth  and  yield  to  initial  age  and  basal  area,  site  index,  and 
projected  age.  Stand  tables  (numbers  of  trees  per  unit  area  by  diameter  class) 
are  derived  from  the  whole  stand  attributes  by  solving  for  parameters  in  a 
theoretical  diameter  distribution  model  (the  Weibull  distribution  was  assumed). 
The  parameter  estimates  of  the  Weibull  distribution  were  conditioned  such  that 
the  basal  area  per  unit  area  computed  from  the  resulting  stand  table  equals  the 
predicted  basal  area  from  the  stand-level  equation.  The  interactive  program 
uses  this  model  to  provide  estimates  of  basal  area,  numbers  of  trees  and  volumes 
on  an  overall  stand  basis  or  by  diameter  class. 

THE  EFFECTS  OF  GRADED  LEVELS  OF  SUPPLEMENTAL  SODIUM  ON  FEEDLOT  PERFORMANCE  AND 
BONE  CHARACTERISTICS  OF  GROWING-FINISHING  SWINE  FED  TWO  PHOSPHORUS  SOURCES.  M. 

D.  Li ndemann ,  Tidewater  Res.  Ctr. ,  VPI&SU,  Suffolk,  VA  23437  &  E.  T.  Kornegay, 
Dept.  Anim.  Sci.,  VPI&SU,  Blacksburg,  VA  24061.  Trials  were  conducted  at  Blacks¬ 
burg  (B)  and  Tidewater  (T)  to  evaluate  the  effects  of  varying  Na  intake  on  feed- 
lot  performance  and  bone  characteristics  of  swine  fed  diets  supplemented  with 
defluorinated  phosphate  (DFP,  5%  Na)  or  dicalcium  phosphate  (DCP,  <  .1%  Na). 
Drinking  water  at  B  contained  4  ppm  Na  and  194  ppm  Na  at  T.  At  T,  feedlot  per¬ 
formance  did  not  differ  among  trts.  At  B,  however,  pigs  fed  DCP  with  no  added 
Ma  (lowest  in  total  Na)  had  depressed  daily  feed  intake,  daily  gain  and  feed 
efficiency.  When  the  third  metacarpal  and  metatarsal  were  examined  on  a  body 
weight-corrected  basis,  Na  intake  and  P  sources  had  no  consistent  influence  on 
the  evaluative  parameters.  These  data  suggest  that  (1)  within  the  range  of  an 
estimated  daily  Na  intake  (water  and  feed)  of  180  to  8520  mg,  Na  does  not  in¬ 
fluence  bone  mineralization,  but  does  depress  feedlot  performance  with  less 
than  1350  mg  Na,  (2)  Na  in  DFP  is  available,  and  (3)  DFP  and  DCP  are  equally 
effective  for  growth  and  bone  mineralization  with  adequate  Na  intake. 
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INTERATION  OF  THE  SWEET  CORN,  PESTS,  AND  PESTICIDES  (ATRAZINE,  BENOMYL,  AND 
CARBOFURAN)  IN  SOUTHSIDE  VIRGINIA,  1983.  Louis  P.  Lue,  C.  C.  Lewis,  and  V.  E. 
Melchor,  Dept,  of  Agri.  and  Chem.  Va.  State  Univ. ,  Petersburg,  Va.  23803. 

Silver  Queen, a  variety  of  sweet  corn  (Zea  mays  L. ) ,  was  selected  to  study  the 
combined  effect  of  pesticides:  atrazine  (a),  benomyl  (B) ,  and  carbofuran  (C) 
with  a  factorial  randomized  block  experimental  design.  This  study  consisted  of 
8  treatments:  control  (0),  A,  B,  C,  A+B,  A+C,  B+C,  and  A+Brt-C,4_ replicates: per 
treatment.  A  plot  of  3. 6x4. 8m  with  3  rows  was  used  as  a  replicate.  Atrazine 
delayed  corn  germination.  Benomyl  or  carbofuran  enhanced  germination  about  50%. 
iHowever,  B+C  combination  inhibited  68%  germination.  Carbofuran  controlled  35- 
36%  of  corn  earworms  when  it  was  applied  alone  or  with  benomyl.  Atrazine  killed 
most  weeds,  mono-  or  di-cotyledonous ,  during  the  testing  period.  Benomyl  showed 
little  effect  on  weeds.  But  carbofuran  and  B+C  worsened  the  weed  infestation. 
Only  the  A+C  combination  had  yield  improvement  as  compared  to  the  control  in 
1983  test,  partially  due  to  the  severe  summer  drought. 

INTEGRATED  MANAGEMENT  OF  THISTLES  IN  PASTURES  IN  VIRGINIA.  T.  J.  McAvoy*  and 
L.  T.  Kok.  Dept,  of  Entomology,  Va.  Polytechnic  Inst,  and  State  Univ., 
Blacksburg,  Va.  24061.  Integration  of  biological,  chemical,  mechanical,  and 
cultural  techniques  would  increase  effectiveness  and  reduce  costs  for  control  of 
Carduus  thistle  weeds.  Two  European  weevils,  Rhinocyllus  conicus  Froel.  and 
Trichosirocalus  horridus  (Panzer),  are  effective  biotic  agents.  R.  conicus 
larvae  feed  on  the  bud  receptacle,  reducing  viable  seed  production  and  T^. 
horridus  larvae  damage  the  thistle  root  crown  in  spring.  Herbicides  are  best 
applied  before  bolting  in  spring  and  fall  when  temperatures  exceed  15  C.  2,4-D, 
at  1.68  a. i. kg/ha,  should  be  sprayed  between  the  late  bud  and  late  bloom  thistle 
stage.  Spraying  before  late  bud  disrupts  R.  conicus  larval  development  in  the 
buds  if  the  plant  is  killed;  sprays  after  late  bud  do  not  affect  the  larvae. 
Mowing  should  be  between  early  bloom  and  plant  senescence.  Mowing  before  late 
bud  causes  plant  regrowth,  but  R.  conicus  larvae  can  develop  in  buds  of  plants 
mowed  after  early  bloom.  Maintaining  a  vigorous  and  healthy  pasture  through 
reseeding,  grazing  rotation  and  erosion  control  all  year  reduces  the  thistle 
problem. 

APHID  DAMAGE  IN  VIRGINIA  SMALL  GRAINS.  Robert  M.  McPherson,  Dept,  of  Entomol. , 
Va.  Polytechnic  Inst,  and  State  Univ.,  Ea.  Va.  Res.  Stn. ,  Warsaw,  Va.  22572. 
Controlled  field  plot  experiments  were  conducted  during  the  1982-83  small  grain 
growing  season  to  evaluate  the  effects  of  aphid  feeding  and  potential  barley 
yellow  dwarf  virus  infection.  Virus  infection  was  significantly  higher  in 
’Barsoy’  barley  plots  left  untreated  in  early  Dec.  when  aphid  popn.  approached 
80/ft.  during  mild  growing  conditions.  Plant  height,  test  wt . ,  and  yields  were 
also  significantly  reduced  in  the  untreated  plots.  Similar  results  were 
obtained  in  wheat,  barley  and  oat  plots  sprayed  for  aphid  control  in  mid-March, 
when  liquid  nitrogen  was  applied.  In  these  experimental  plots,  aphid  popn. 
densities  never  exceeded  60/ft.,  although  virus  infection  was  heavy  and  yields 
were  reduced  9.5,  8.3  and  10.4  bu/a  in  wheat,  barley  and  oats,  respectively. 
Predictive  techniques  are  currently  being  developed  to  determine  when  potential 
economically  damaging  aphid/virus  interactions  exist  in  Virginia. 
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SOYBEAN  INSECT  PEST  COMPLEX  EVALUATIONS.  Robert  M.  McPherson,  Dept,  of 
Entomology,  Va.  Polytechnic  Inst,  and  State  Univ. ,  Ea.  Va.  Res.  Stn.,  Warsaw, 

Va.  22572,  Daniel  W.  Sherrod,  Va.  Truck  &  Ornamental  Res.  Stn.,  Painter,  Va. 

23430,  &  John  C.  Smith,  Va.  Polytechnic  Inst,  and  State  Univ.,  Tidewater  Res. 
and  Cont.  Ed.  Ctr. ,  Suffolk,  Va.  23437.  Several  insect  and  mite  pests  attack 
Virginia's  soybean  crop  annually,  often  causing  substantial  crop  losses. 

Treatment  decision  guidelines  are  established  for  each  insect/mite  pest.  The 
effects  of  certain  pest  complexes  were  evaluated  in  a  series  of  7  experiments 
in  3  geographic  areas  of  the  state.  Pest  complexes  were  maintained  in 
controlled  field  plots  by  selectively  using  insecticidal  applications.  Soy¬ 
bean  yields  were  increased  at  one  test  site  when  all  pests  or  only  corn  ear- 
worms  were  removed.  At  a  second  site  yields  were  lower  in  the  no  insect  plots 
(5  appl.  of  pyrethroid  insecticide)  due  to  a  heavy  outbreak  of  two-spotted 
spider  mites.  The  pest  complex  densities  at  the  remaining  5  sites  did  not 
reduce  soybean  yields  below  the  untreated  controls. 

EFFECT  OF  DIETARY  OATHULLS  (OH)  OR  WHEAT  BRAN  (WB)  ON  MINERAL  ABSORPTION  IN 
GROWING  PIGS  FED  DIETS  WITH  AND  WITHOUT  SALINOMYCIN.  Robert  J.  Moore*,  M.  D. 
Lindemann  and  E.  T.  Kornegay,  Dept,  of  Anim.  Sci.,  VPI  &  SU,  Blacksburg,  VA 
24061.  Two  balance  trials  using  12  pigs  each  (34.6  kg  and  32.3  kg  for  trials  1 
and  2,  respectively)  were  conducted  to  determine  whether  modest  additions  of 
dietary  fiber  (as  10%  oat  hulls  or  20%  wheat  bran)  to  diets  with  or  without 
the  antibiotic  salinomycin  (82  mg/kg)  influence  the  absorption  and  retention  of 
dietary  calcium  (C) ,  phosphorus  (P)  or  zinc  (Zn) .  Salinomycin  did  not  influence 
any  parameter  evaluated.  The  inclusion  of  WB  did  not  alter  amounts  of  Ca,  P  or 
Zn  absorbed  or  retained  (mg/kg • ^^/day) ,  although  the  efficiency  of  Zn  utiliza¬ 
tion  (retained/intake)was  slightly  depressed  (P<.10)  by  WB.  The  amounts  of  Ca 
and  P  absorbed  were  not  influenced  by  OH,  however  amounts  of  Ca  and  P  retained 
were  lower  for  pigs  fed  OH  (P<.10).  Efficiency  of  Ca  (P<.01)  and  P  (P<.05) 
utilization  were  lower  in  pigs  fed  OH.  OH  decreased  both  the  amounts  of  Zn  re¬ 
tained  (P<.01)  and  the  efficiency  of  Zn  utilization  (P<.01).  Our  studies 
indicate  that  OH  has  a  greater  negative  impact  on  Zn  utilization  than  does  WB, 
and  to  a  lesser  degree,  a  similar  effect  on  Ca  and  P  utilization.  The  reasons 
for  this  are  not  clear  from  our  study,  and  we  are  presently  investigating  wheth¬ 
er  these  changes  persist  over  a  more  extended  feeding  period. 

INTRA-ROW  SPACINGS  OF  PEANUT  CULTIVARS  -  1983  DEMONSTRATION  RESULTS.  R.  Walton 
Mozi nqo.  Tidewater  Res.  and  Continuing  Education  Ctr.,  VPI&SU,  Suffolk,  VA  23437. 
Intra-row  spacings  of  2,  3,  4  and  6  inches  were  used  on  six  peanut  (Arachis 
hypoqaea  L.)  cultivars  (Florigiant,  NC  6,  NC  7,  VA  81B,  NC  17404  and  VC  1 )  to 
demonstrate  spacing  effect  on  growth  habit,  pod  production,  and  grade  character¬ 
istics.  All  inter-row  spacings  were  36  inches.  The  yields  (Ibs/A)  and  main 
stem  height  (inches)  decreased  and  pods  (no. /pi ant)  increased  as  the  intra-row 
spacing  increased  from  2  to  3  to  4  to  6  inches.  The  percentages  of  fancy  pods 
and  extra  large  kernels  increased  slightly  as  the  intra-row  spacings  increased 
from  2  to  3  to  4  inches  but  decreased  slightly  with  the  increased  spacing  from  4 
to  6  inches.  Percentage  of  sound  mature  kernels  and  total  kernels  increased  with 
a  spacing  increase  of  2  to  3  inches  but  decreased  slightly  as  the  intra-row  spac¬ 
ing  increased  from  3  to  4  to  6  inches.  On  the  basis  of  a  single  year's  demonstra' 
tion,  it  appears  intra-row  spacing  can  alter  the  growth  habit,  pod  production  and 
yields  of  the  cultivars  studied.  However,  the  slight  increase  in  yield  probably 
will  not  offset  the  cost  of  additional  seed.  Further  testing  is  planned  to  con¬ 
firm  these  beliefs. 
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AN  INTEGRATED  APPROACH  TO  INDIVIDUAL  TREE  VOLUME  DISTRIBUTION  AND  STEM 
PROFILE  MODELING.  James  D.  Newberry  &  Thomas  E.  Burk,  Dept,  of  Forestry, 

VPI  &  SU,  Blacksburg,  VA.  24061  Individual  tree  volume  distributions  with 
respect  to  top  diameters  and  heights  were  described  with  the  Sg  distribution. 

The  skewness  and  shape  parameters  of  the  Sg  distributions  were  recovered  with 
the  method  of  percentiles  using  estimated  percentiles.  Individual  tree  volume 
distribution  with  respect  to  joint  top  diameters  and  heights  was  described 
with  the  bivariate  Sgg  distribution.  Estimates  of  the  correlation  coefficient 
suggested  that  little  additional  information  is  available  from  the  bivariate 
distribution  over  the  marginal  distributions.  Stem  profile  models  were 
obtained  from  the  conditional  distribution  using  the  median  regression. 

PRECONDITIONING  OF  FLATPEA  SEEDS  AND  EVALUATION  OF  SUBSEQUENT  PLANT  GROWTH  AND 
AMINO  ACID  COMPOSITION.  D.  M.  Orcutt,  Dept,  of  Plant  Pathol.,  Physiol,  &  Weed 
Scl.,  Va.  Tech,  Blacksburg,  VA  24061,  J.  G.  Foster  &  R.  J.  Erickson*,  USDA-ARS, 
Beckley,  WV  25802.  Use  of  flatpea  (Lathyrus  sylvestris  L.)  as  a  forage  legume 
is,  in  part,  dependent  upon  establishment  of  vigorous  seedlings  from  seeds  that 
will  germinate  uniformly  and  rapidly.  Plant  growth  regulators  may  improve  seed 
germination  and  alter  the  biochemical  composition  of  treated  plants;  thus,  the 
effect  of  imbibition  of  flatpea  seeds  in  Ethrel  on  the  rate  of  seed  germination 
and  seedling  growth  and  on  the  amino  acid  (AA)  composition  of  the  seedlings  and 
seed  leachates  was  investigated.  Levels  of  asparagine,  glutamine,  alanine,  cys¬ 
tine,  aspartate,  Y“aniinobutyric  acid  (y-ABA) ,  and  a,Y-diABA  in  leachates  increas¬ 
ed  at  100  and  200  ppm  Ethrel,  but  declined  above  200  ppm.  AA  leakage  from  the 
seed  and  germination  were  inversely  related.  Ethrel  treatments  inhibited  subse¬ 
quent  seedling  growth.  The  major  AA's  in  the  leaves  and  stems,  homoserine  and 
Y“ABA,  respectively,  varied  with  Ethrel  treatment  and  nutrient  medium  supplied. 

THERMAL  UNIT  ACCUMULATION  AND  DEVELOPMENT  OF  SAN  JOSE  SCALE,  QUADRASPIDIOTUS 
PERNICIOSUS  (COMSTOCK).  Douglas  G.  Pfeiffer ,  Dept,  of  Entomol.,  Shenandoah  ValL 
Res.  Stn.,  Va.  Polytechnic  Inst.,  Steeles  Tavern,  VA  24476.  Pheromone  traps  for 
San  Jose  scale  have  recently  been  made  available.  Experimental  use  of  SJS  traps 
began  in  central  Virginia  in  1982;  in  1983,  male  and  crawler  emergence  dates 
were  correlated  with  temperature  data  in  an  attempt  to  use  trap  catch  data  to 
predict  crawler  emergence.  In  1982,  crawlers  appeared  on  2  June  in  Rockbridge 
Co.,  and  not  until  14  June  in  1983.  The  period  between  male  flight  and  crawler 
emergence  was  3^  weeks  in  1982  and  a  full  month  in  1983.  In  1983,  crawler  emer¬ 
gence  varied  by  13  days  in  Nelson  Co.  and  in  Rockbridge  Co.  In  1982  the  varia¬ 
tion  was  only  six  days.  When  emergence  patterns  were  evaluated  in  relation  to 
thermal  unit  accumulation,  variability  .was  reduced.  In  counties  where  crawlers 
emerged  five  calendar  days  apart,  their  appearance  was  separated  by  only  16 
degree-days,  an  amount  accumulated  in  one  or  two  days  at  this  time.  Comparison 
of  Virginia  data  with  data  from  New  York  show  a  fairly  close  agreement. 

THE  IMPACT  OF  OZONE  AND' SO2  FUMIGATION  ON  SOYBEAN  LEAF  METABOLISM.  E.  Pierson, 

D.  Peterkin,  and  J,  L.  Hess,  Dept,  of  Biochemistry  and  Nutrition,  B.  Chevone, 
Dept,  of  Plant  Physiol.,  Path,  and  Weed  Sci , ,  VPI  &  SU.  Blacksburg,  VA  24061. 

To  study  the  tolerance  of  soybean  cultivars  to  O3  and  SO2  Glycine  max  cv.  'Dare' 
(03-sensitive)  and  'Williams'  (03-tolerant)  were  simultaneously  exposed  to  0.20 
ppm  O3  and  0.70  ppm  SO2  or  to  filtered  air  for  2  h  at  28  +/-2°,  380  +/-20  yE  m-2 
s"V  PAR  and  65  +/-  10%  R.H.  Glutathione  reductase  activity/g  leaf  tissue  was 
30%  greater  in  Williams  and  decreased  30%  following  fumigation  when  extracted  in 
the  absence  of  protective  agents  (DTT,  ascorbate).  Hydrogen  peroxide  concentra¬ 
tions  increased  200%  following  fumigation  in  Dare,  and  the  absolute  concentra¬ 
tion  was  3  times  greater  than  in  Williams.  Glutathione  concentrations  were  15% 
greater  in  Williams  and  increased  12-18%  in  both  cultivars  following  fumigation. 
Ascorbate  levels  were  12%  higher  in  Williams.  Data  appear  consistent  with  the 
concept  that  capacity  for  H2O2  metabolism  in  leaves  may  correlate  with  sensi¬ 
tivity  of  tissue  to  exposures  of  O3  and  SO2. 
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CURRENT  STATUS  OF  THE  WHITE  PEACH  SCALE,  PSEUDAULACASPIS  PENTAGONA  (TARGIONI- 
TOZZETTI),  AND  THE  RELATED  WHITE  PRUNICOLA  SCALE,  P.  PRUNICOLA  (MASKELL),  IN 
VIRGINIA.  M.  H.  Rhoades*^'  and  M.  Kosztarab,  Dept,  of  Entom.  ,  VPI&SU,  Blacksburg, 
VA  24061.  It  was  recently  proposed  that  2  species  of  white  peach  scale  are 
present  in  the  U.S.  rather  than  1 ,  both  cosmopolitan  and  polyphagous.  A  review 
of  81  collections  of  "white  peach  scale"  from  VA  revealed  44  were  pentagona , 

34  prunicola  and  3  intermediate.  Both  species  occur  throughout  VA.  Hosts  of 
prunicola  include  5  plant  genera,  with  Prunus  predominating;  hosts  of  pentagona 
include  16  genera,  with  Catalpa ,  Morns ,  Prunus ,  Salix  and  Syringa  being  common. 
Statistical  analyses  of  3  morphological  character s— no .  of  gland  spines  in  the 
3rd  space,  no.  of  perivulvar  pores,  and  no.  of  large  macroduc ts--showed  a  signi¬ 
ficant  difference  exists  between  the  2  species  for  all  3.  However,  overlap 
between  the  2  species  in  no.  of  pores  and  ducts  makes  these  characters  of  little 
use  in  identification  of  specimens. 

FACE  FLY,  MUSCA  AUTUMNALIS  DEGEER,  AND  HORN  FLY,  HAEMATQBIA  IRRITANS  (LIN.) 
(DIPTERA  :  MUSCIDAE) ,  CONTROL  ON  BEEF  CATTLE,  BOS  TAURUS  (LIN.),  WITH  VARIOUS 
INSECTICIDES.  Roberts ,  Sr .  and  M.A.  Saluta*,  Dept,  of  Entomology,  VPI&SU, 

Blacksburg,  VA  24061.  Ectiban®  ear  tapes  (2  per  animal),  Ectiban®  tail  tapes 
(1  per  animal),  forced  use  face  and  back  rubbers  charged  with  Ectiban®  5.7%  EC  + 
diesel  fuel,  Dustacator®  charged  with  Ectiban®  0.25%  dust,  Permectrin™  10%  ear 
strips  (2  per  animal),  and  Ectrin  8%  ear  tags  (adults,  2;  calves,  1  per  animal) 
were  evaluated  for  fly  control  on  separate  beef  herds.  May  -  Sep.,  1983,  in 
Montgomery  Co.,  VA.  Face  fly  control  varied  for  all  treatments.  Horn  fly  con¬ 
trol  was  generally  good  for  all  treatments,  with  the  exception  of  varied  control 
with  Ectiban  tail  tapes.  Fly  populations  associated  with  all  herds  appeared  to 
be  low,  possibly  due  to  drought  conditions.  Retention  of  Ectiban  tail  tapes 
and  Permectrin  ear  strips  was  poor,  with  ^90%  of  the  tapes  lost  after  16  weeks 
and  ^90%  of  the  strips  lost  after  7  weeks. 

FACE  FLY,  MUSCA  AUTUMNALIS  DEGEER,  AND  HORN  FLY,  HAEMATQBIA  IRRITANS  (LIN.) 
(DIPTERA  :  MUSCIDAE),  CONTROL  ON  BEEF  AND  DAIRY  CATTLE,  BOS  TAURUS  (LIN.),  WITH 
GUARDIAN™  INSECTICIDE  IMPREGNATED  EAR  TAGS.  J.E.  Roberts,  and  M.A.  Saluta*, 

Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA  24061.  Guardian  5%  and  7.5%  ear 
tags  (2  per  animal)  were  evaluated  for  fly  control  on  separate  beef  and  dairy 
herds,  May  -  Sep.,  1983,  in  Montgomery  Co.,  VA.  Comparative  efficacy  was  based 
on  herds  treated  with  Ectrin™  8%  ear  tags  (adults,  2;  calves,  1  per  animal)  and 
untreated  control  herds.  Face  fly  control  varied  for  all  treatments  throughout 
the  season,  although  horn  fly  control  was  generally  good.  Fly  populations 
associated  with  all  herds  appeared  to  be  low,  possibly  due  to  drought  conditions. 
Initially,  retention  of  Guardian  ear  tags  was  poor,  with  ^78%  of  the  tags  lost 
from  the  herds  after  2  months.  All  remaining  Guardian  ear  tags  were  replaced 
in  Aug.  with  improved  design  tags.  Retention  of  the  new  tags  was  excellent. 

TRUE  ARMYWORM,  PSEUDALETIA  UNIPUNCTA  (HAWORTH)  (LEPIDOPTERA  :  NOCTUIDAE) ,  CON¬ 
TROL  IN  FIELD  CORN,  ZEA  MAYS  (LIN.),  WITH  PRE-EMERGENCE  INSECTICIDE  TREATMENTS. 

Roberts ,  Sr.  and  M.A.  Saluta*,  Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA 
24061.  Ambush®  4E,  Ammo®  2. SEC,  Cymbush®  3E,  Imidan®  SOW,  Lorsban®  4E,  Orthene® 
75S,  Pounce®  3.2EC,  Toxaphene®  6E,  and  Trithion®  8E  were  individually  tank-mixed 
with  recommended  herbicides  and  30%  liquid  nitrogen  and  applied  to  a  rye  cover 
crop  prior  to  no-till  planting  of  field  corn.  The  plots,  located  in  Montgomery 
Co. 3  VA,  were  arranged  in  a  randomized  complete  block  design  measuring  4  rows  X 
50  ft.  X  4  replicates.  All  treatments  resulted  in  having  significantly  less 
true  armyworm  injury  than  the  untreated  control  (P=0.05).  The  Orthene  and  Imi¬ 
dan  treatments  resulted  in  having  significantly  greater  armyworm  injury  than  the 
other  treatments.  Yield  differences,  ranging  from  10.2  to  10.9  tons/A,  were 
nonsignificant  (P=0.05). 
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TRUE  ARMYWORM,  PSEUDALETIA  UNIPUNCTA  (HAWORTH)  (LEPIDOPTERA  :  NOCTUIDAE) ,  CON¬ 
TROL  IN  FIELD  CORN,  ZEA  MAYS  (LIN.)*  WITH  POST-EMERGENCE  INSECTICIDE  TREATMENTS. 
J.^.  Roberts ,  Sr.  and  M.A.  Saluta*,  Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA 
24061.  Ammo®  2. SEC,  Lorsban®  4E,  Orthene®  75S,  and  Pounce®  3.2EC  were  applied 
to  no“tlll  field  corn  in  Montgomery  Co.,  VA  as  post-emergence  rescue  treatments. 
Plots  were  arranged  in  a  randomized  complete  block  design  measuring  4  rows  X  50 
ft.  X  4  replicates.  All  treatments  resulted  in  having  significantly  less  true 
arm3n/^orm  injury  than  the  untreated  control  (P-0.05).  Yield  differences,  rang¬ 
ing  from  9.5  to  11,3  tons/A,  were  nonsignificant  (P-0.05). 

CABBAGE  FLEA  BEETLE,  PHYLLOTRETA  CRUCIFERA  GOEZE  (COLEOPTERA  :  CHRYSOMELIDAE) , 
CABBAGE  LOOPER,  TRICHOPLUSIA  M  (HUBNER)  (LEPIDOPTERA  .*  NOCTUIDAE) ,  AND  IMPORT¬ 
ED  CABBAGEWORM,  PIERIS  RAPAE  (LIN.)  (LEPIDOPTERA  ;  PIERIDAE) ,  CONTROL  ON  CAB¬ 
BAGE,  BRASSICA  OLERACEA  CAP I TATA  (LIN.),  WITH  AT-PLANTING  CARBOFURAN  TREATMENTS. 
J.E.  Roberts ,  Sr .  and  M.A.  Saluta*,  Dept,  of  Entomology,  VPI&SU,  Blacksburg,  VA 
24061.  Two  rates  of  Furadan®  4F  (1.0  lb.  and  2.0  lb.  ai/A)  were  applied  at- 
planting  to  cabbage  plants  (FI  Stonehead)  in  Montgomery  Co.,  VA.  Plots  were 
arranged  in  a  randomized  complete  block  design,  replicated  4  times,  and  consist¬ 
ing  of  3  30  ft.  rows  with  20  plants  per  row  (18  in.  spacing).  Both  IX  and  2X 
rates  of  treatment  were  efficacious  in  reducing  numbers  and  damage  of  flea  beet¬ 
les  (P-0.05).  The  2X  rate  initially  had  significantly  less  looper  and  cabbage- 
worm  damage,  but  after  7  weeks  both  rates  did  not  differ  significantly  from  the 
control  (P=0.05).  Yield  differences  were  nonsignificant  (P=0.05). 

CONTROL  OF  SOUTHERN  RED  MITE  ON  JAPANESE  HOLLY  IN  EASTERN  VIRGINIA.  P.B. Schultz 
and  C.M,  Rittenhouse,  Va.  Truck  &  Ornam.  Res.  Stn.,  Va.  Beach,  VA  23455. 

Sections  of  a  row  of  Japanese  holly,  Ilex  crenata  convexa,  3  feet  in  Length 
were  selected  for  evaluation  of  miticides  to  suppress  an  outbreak  of  southern 
red  mite,  Oligonychus  llicis  (McGregor).  Six  miticides,  Kelthane  1.6EC, 

Plictran  50WP,  Vendex  50WP  and  4L,  Pentac  4F  and  Omite  SOW,  were  applied  April 
26,  1983  using  a  1  gallon  compressed  air  sprayer  at  30  psi.  Miticides  were 
evaluated  3,  7,  10  and  14  days  after  treatment  by  counting  the  number  of  mites 
per  10  leaves.  A  second  application  was  made  on  May  10  and  evaluated  3,  7  and 
10  days  after  treatment.  Three  additional  miticides,  Danitol  2.4EG,  NC  21314 
80  WP  and  NC21314  +  Kelthane  1.6  EC,  were  included  using  plants  not  previously 
treated.  Mite  counts  in  all  treatments  were  significantly  lower  than  in  the 
untreated  check  following  the  April  26  application.  Plictran  50WP  at  .2  lbs 
a.i.  per  acre,  Vendex  50  WP  at  .5  lbs  a.i.  per  acre  and  Vendex  4L  at  .25  lbs 
a.i.  per  acre  provided  the  best  control. 

MONITORING  LATE  SEASON  APPLE  DISEASES  IN  VIRGINIA  ORCHARDS.  William  L.  Sharp*, 
Department  of  Plant  Pathology,  Physiology,  and  Weed  Science,  VPI&SU,  Blacksburg, 
Va.  24060,  &  K.S.  Yoder,  Department  of  Plant  Pathology,  Physiology,  and  Weed 
Science,  VPI&SU  Fruit  Research  Laboratory,  Winchester,  Va.  22601.  In  three 
Virginia  orchards  the  summer  fungicide  spray  schedule  was  terminated  on  selected 
trees  at  different  times  during  the  summer.  Incidence  of  sooty  blotch  (Gloeodes 
pomiqena)  and  fly  speck  (Microthyriel 1  a  rubi )  was  monitored  and  correlated 
with  accumulated  "humidity  hours"  (  periods  of  greater  than  95%  Relative 
Humidity).  "Humidity  hours"  were  accumulated  beginning  three  weeks  after  the 
last  spray  application.  Extrapolation  indicates  that  an  accumulation  of 
about  50  "humidity  hours"  is  necessary  for  sooty  blotch  symptom  expression. 
Reduced  spray  schedules  did  not  significantly  increase  the  incidence  of 
Brooks  spot  (Mycosphaerel 1  a  pomi )  or  post-harvest  rots  (evaluated  three 
months  after  harveSyT  ” 

POPULATION  DYNAMICS  OF  A  LEPIDOPTFROUS  PEST  COMPLEX  IN  CONVENTIONAL  AND 
NO-TILL  CABBAGE.  ^.W.  Sherrod  and  ^.M.  Andrus,  Va.  Truck  and  Ornamentals 
Res.  Station,  Painter,  Va.  23420.  Principal  1 epidopterous  pests  were 
monitored  on  cabbage  planted  under  conventional  and  conservation  tillage 
techniques.  May  -  Oct.,  1982  and  1983.  ANOVA  showed  significant  variation 
between  tillages,  dependent  upon  cover  crop  and  spring  versus  fall 
pi  anting. 
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EVALUATION  OF  GROWTH  AND  LIPID  COMPOSITION  OF  CORN  FOLLOWING  PEG-INDUCED 
OSMOTIC  STRESS.  J.M.  Simonds*,  and  D.M.  Orcutt,  Dept.  Plant  Pathology, 
Physiology  and  Weed  Science,  Va.  Polytech.  Inst,  and  State  Univ.,  Blacksburg, 

VA  24061.  Lipid  composition  of  plant  tissues  is  affected  by  environmental 
stresses  including  water  deficiency.  Stress-induced  changes  in  sterol  content 
may  have  adaptive  significance  since  sterols  are  structural  components  of 
membranes  and  may  influence  permeability.  Growth  and  sterol  content  of  corn 
seedlings  were  examined  to  evaluate  sensitivity  to  water  deficiency.  Corn 
cultivars,  B73  x  M017  and  B73  x  VA17,  were  grown  hydroponical ly  in  Clark's 
nutrient  solution  prior  to  initiation  of  osmotic-stress  using  polyethylene 
glycol.  TLC  and  gas  chromatography  were  used  to  determine  sterol  composition. 

The  total  sterol  content  of  B73  x  M017  decreased  from  0.369  to  0.262  mg  sterol 
expressed  as  %  dry  weight  from  -1.0  to  -6.0  bars.  Cholesterol  increased  while 
stigmasterol  decreased  between  the  control  and  stressed  conditions.  These 
changes  in  sterol  composition  may  reflect  adaptation  to  water  deficiency. 

EFFECTS  OF  INDUCED  MATERNAL  DIABETES  IN  PIGLETS'  SURVIVAL.  Carrie  J.  Smith , 

M.  O,  Ezekwe,  J,  W.  lOiight,  K.  P.  Bovard,  College  of  Agricjalture  and  Life 
Sciences y  VPI  &  SU,  Blacksburg,  Va.  24061,  and  Virginia  State  Univ.,  Petersburg, 
Va.  23803.  Diabetes  was  induced  by  intravenous  (anterior  vena  cava)  injection 
of  streptozotocin ,  a  diabetogenic  drug,  at  80  days  gestation.  Three  levels  were 
used:  none,  50  and  100  mg/kg  live  weight,  later  cited  as  control,  low  and  high 

doses,  respectively.  Gilts'  perfonnance  data  included  blood  glucose  and  insulir 
levels  during  the  last  trimester  of  gestation,  gestation  length,  placental 
weight,  litter  size,  number  stillborn,  and  pigs'  birthweights .  Survival  data 
for  72  hours  postpartum  v^ere  recorded,  and  a  random  2  pigs  per  litter  were  sac¬ 
rificed  for  liver  weight,  serujn  insulin  and  glycogen  data.  Insulin  levels  of 
high  dose  gilts  dropped  and  stayed  lov;  (P<.01)  following  injection,  in  contrast 
to  those  of  the  low  and  control  groups.  Liver  weights  of  piglets  fr.om  gilts  on 
the  high  dosage  were  heavier  (P<.01)  than  those  of  the  other  two  treatments; 
liver  glycogen  levels  of  piglets  from  both  high  and  low  dose  gilts  were  higher 
than  those  of  controls  (P<.01) .  Piglets'  insulin  levels  were  not  affected  by 
dams'  treatments,  Strep»tozotocin-induced  diabetes  in  pregnant  gilts  was  useful 
in  the  study  of  neonatal  survival. 

CORN  EARWORM  PREDICTION  IN  SOYBEANS.  J.  C.  Smith,  Tidewater  Res.  Ctr. ,  VPI&SU, 
Suffolk,  VA  23437,  R.  M.  McPherson,  E.  VA.  Res.  Sta.,  VPI&SU,  Warsaw,  VA  22572, 
and  D.  W.  Sherrod,  VA.  Truck  and  Ornamentals  Res.  Sta.,  Painter,  VA  23420.  Soy¬ 
beans  in  the  three  main  production  areas  of  Virginia  were  monitored  for  corn  ear- 
worm  (CEW),  Heliothis  zea  (Boddie),  infestations  in  1982  and  1983  with  pheromone 
traps  and  standard  scouting  procedures.  In  1982,  peak  moth  populations  in  the 
Northern  Neck  and  Eastern  Shore  areas  occurred  the  week  of  Aug.  20-27.  Peak 
populations  were  about  5  days  earlier  in  Southeastern  VA.  The  maximum  single 
night  catch  (346  moths)  was  in  Dinwiddie  Co.  No  field  in  the  pheromone-trap 
program  developed  an  economic  infestation  of  CEW  in  1982.  Moth  population  peaks 
occurred  Aug  26-Sept  1  in  the  3  production  areas  in  1983.  Maximum  nightly  moth 
catches  of  385,  341  and  1357  resulted  on  the  Eastern  Shore,  Northern  Neck  and 
Southeastern  Va,  respectively.  Economic  infestations  of  CEW  resulted  in  several 
surveyed  fields  in  1983.  Pheromone  trapping  of  CEW  moths  appears  to  be  an  excel¬ 
lent  infestation  prediction  tool  when  combined  with  field  surveys  for  larvae. 
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INSECT  FAUNA  AND  ABSOLUTE  DENSITIES  IN  IRRIGATED  AND  MINIMUM-TILLED  PEANUT  PRO¬ 
DUCTION  SYSTEMS.  J.  C.  Smith,  VPI&SU,  and  F.  S.  Wright,  USDA-ARS,  Tidewater  Res. 
Ctr.,  Suffolk,  VA  23437.  Paired  observations  on  absolute  densities  of  soil- 
inhabiting  insects  in  insecticide -treated  irrigated  and  non -irrigated  peanuts, 
and  in  treated,  conventionally-tilled  and  no-till  peanuts  were  compared.  The 
diversity  of  insect  species  among  the  treated  production  systems  was  greatest  in 
the  no-till  treatment,  Japanese  beetle  grubs  (Pompillia  japonica  Newman )  and 
wi reworms  (Family:  Elateridae)  were  most  numerous.  Species  in  the  untreated, 
tilled  system  included  wi reworms,  rootworms,  white  grubs  and  fly  maggots.  Data 
on  peanut  fruit  injured  by  southern  corn  rootworms  (Diabrotica  undecimpunctata 
howardi  Barber)  indicated  significant  differences  between  all  treated  production 
systems  and  the  untreated  control.  Maturity  among  the  insecticide-treated  sys¬ 
tems  was  not  significantly  different.  Significant  differences  occurred  between 
yields  of  tilled  and  no-tilled  systems  and  between  the  number  of  fruits  of  the 
two  systems. 

MODELING  THE  EFFECTS  OF  COMPETING  HARDWOODS  ON  THE  YIELDS  OF  UNTHINNED 
LOBLOLLY  PINE  PLANTATIONS.  Peter  T.  Sprinz  and  Harold  E.  Burkhart,  Dept,  of 
Forestry,  VPI  &  SU,  Blacksburg,  VA,  24061.  '  Hardwood  competition  was  found  to 
affect  the  number  of  pine  surviving,  pine  basal  area  and  volume  of  unthinned 
loblolly  plantations.  Old-field  stands,  with  no  hardwoods,  provided  maximum 
values  of  surviving  trees,  mean  dbh  and  mean  squared  dbh.  The  corresponding 
values  in  cutover-site  plantations  with  hardwood  competitors  were  less.  A 
modifier  function,  driven  by  percent  basal  area  of  hardwood  {%  Bh),  was  used 
to  adjust  the  old-field  estimates  and  provide  estimates  for  a  stand  containing 
hardwood.  Plot  data  from  across  the  South  were  used  to  develop  an  interactive 
model  that  validated  well  with  an  independent  remeasurement  data  set  contain¬ 
ing  from  0  to  100%  Bh.  The  model  requires  as  input  trees  planted,  site  index, 
projection  age  and  percent  basal  area  in  hardwood,  and  provides  as  output 
pine  stand  and  stock  tables. 

PHYTOTOXIC  RESPONSES  OF  EASTERN  WHITE  PINE  (PINUS  STROBES)  TO  PROLONGED  EX¬ 
POSURE  OF  EIGHT  COMMONLY  USED  LANDSCAPE  HERBICIDES.  R.  Jay  Stipes  and  Noell  K. 
Rogers,  Va.  Polytech.  Inst.  &  State  Univ . ,  Blacksburg,  VA  24061. 

The  phytotoxic  responses  of  eastern  white  pine  (Pinus  strobus)  after  pro¬ 
longed  exposure  to  the  commonly  used  landscape  herbicides  (paraquat ,  vapam,  di- 
camba ,  glyphosate ,  amitrole,  bromoxynil ,  DSMA  and  simazine)  were  observed . 
Herbicides  were  applied  June  3-8,  1983,  at  label  dosages,  to  20  cm-long  cheese¬ 
cloth  compresses  wrapped  around  the  intact  or  frilled  (wounded)  bark  of  termi¬ 
nals;  compresses  were  enclosed  in  a  plastic  sleeve  to  ensure  prolonged  exposure 
and  possible  uptake.  Symptoms  were  observed  Sept.  12,  1983  and  May  14,  1984. 

No  injury  was  observed  on  trees  treated  with  water,  bromoxynil,  DSMA  and  sima¬ 
zine.  Paraquat  and  vapam  killed  or  injured  terminals  of  all  trees  with  intact 
and  wounded  bark,  and  were  systemic .  Dicamba  and  glyphosate  were  much  less 
toxic,  but  injured  terminals  and  caused  epinasty  and  other  abnormal  growth 
responses .  Amitrole  was  systemic  and  caused  variegated  chlorosis  on  all  trees 
with  wounded  bark.  These  findings  provide  some  guidelines  to  persons  who  plan 
to  control  weeds  on  landscapes  where  eastern  white  pine  is  present. 
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COMPARATIVE  SUSCEPTIBILITY  OF  EIGHT  SPECIES  OF  ALBIZIA  TO  FUSARIUM  WILT  CAUSED 
BY  FUSARIUM  OXYSPORUM  f.  sp.  PERNICIOSUM .  R,  Jay  Stipes,  Dept.  Plant  Pathol.,  \ 

Physiol,  f  and  Weed  Sci.,  Va.  Polytech.  Inst.  &  St.  Univ . ,  Blacksburg/  VA  24061.  \ 

The  susceptibility  (or  conversely ,  resistance)  of  Albizia  brevifolia , 
falcataria ,  A.  fastigiata ,  A.  forbesii ,  A.  julibrissin,  lophanta ,  A.  poly- 
phylla  and  A.  procera  was  evaluated  by  inoculation  under  ambient  conditions 
in  the  greenhouse  of  4  to  6-month~old  seedlings  with  a  composite-isolate  coni-  [ 
dial  inoculum  of  Fusarium  oxysporum  f.  sp.  perniciosum,  the  fungus  that  causes  | 
Fusarium  wilt  of  the  mimosa-tree  (^.  julibrissin) .  About  50  ml  of  a  spore  sus-  i 
pension  were  poured  onto  roots  uniformly  injured  with  a  scalpel.  Seedlings 
were  inoculated  January  8,  and  final  symptoms  recorded  March  26,  using  a  dis¬ 
ease  index  of  0  =  no  disease  to  4  =  dead.  The  number  of  seedlings  available  \ 

for  use  ranged  from  2  to  16,  and  the  average  disease  indices  for  the  species 
were  0.0  for  poly phy 11a  (immune),  0.2  for  brevifolia ,  0.5  for  A.  forbesii , 

A.  fastigiata  and  A.  lophanta ,  0.8  for  falcataria  and  A.  procera  and  3.3  for 
A.  julibrissin  (the  most  susceptible) .  Since  Fusarium  wilt  has  decimated  or 
destroyed  plantings  of  A.  julibrissin  in  the  SE  United  States,  the  more  re¬ 
sistant  species  perhaps  could  be  used  as  substitutes  in  landscape  plantings. 

EFFECT  OF  INTRAMAMMARY  INFUSION  OF  STERILE  OYSTER  GLYCOGEN  IN  LACTATING  EWES  ON 
SECRETORY  CELL  MORPHOLOGY  AND  LEUCOCYTE  MIGRATION.  William  J.  Thompson*  and 
R.  Michael  Akers,  Dept.  Dairy  Sci.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  , 

24061.  Effect  of  oyster  glycogen  (OG)  induced  leucocyte  migration  through  the 
mammary  epithelium  on  quantitative  morphology  and  milk  component  biosynthesis  > 

was  studied.  Neither  fatty  acid  nor  COg  production  in  tissue  slices  were  i 

effected  by  OG  (5-20  mg/ml).  One  udder^half  of  six  ewes  was  infused  with  10  mg 
of  OG  after  six  consecutive  milkings  starting  1  wk  postpartum  (PP).  Mammary 
tissue  was  then  prepared  for  quantitative  cytology.  Relative  area  occupied  by 
normal  epithelium,  lumen  and  stroma  were  similar  in  control  and  OG  infused 
glands.  Damaged  epithelium  was  slightly  greater  in  OG  infused  glands  (4.0  +  1.2 
vs  2.2  +0.9).  One  udder  half  of  four  ewes  was  infused  with  10  mg  OG  every 
third  day  starting  2  days  PP  for  30  days.  Quantitative  histological  analyses 
were  similar  in  treated  and  control  glands.  Fatty  acid  synthesis  and  CO^  pro¬ 
duction  were  unaffected  by  treatment.  We  conclude  that  damage  associatea  with 
mastitis  is  not  the  result  of  leucocyte  migration. 

SWEET  SORGHUM  POTENTIAL  FOR  LIQUID  FUEL  PRODUCTION  IN  THE  PIEDMONT.  D.H.  Vaughan 
and  J.S.  Cundiff*,  Agr.  Eng.  Dept.,  VPI&SU,  Blacksburg,  VA  24061.  The  feasibili¬ 
ty  of  sweet  sorghum  as  a  feedstock  for  ethanol  was  analyzed  for  the  Piedmont,  a 
physiographic  region  including  37  counties  in  Virginia  and  covering  portions  of 
7  states  from  Pennsylvania  to  Alabama.  In  Piedmont  soils  and  climatic  condi¬ 
tions,  sweet  sorghum  produces  almost  9,000  kg/ha  of  total  nonstructural  carbohy¬ 
drates,  which  is  comparable  with  sugarbeets,  the  top  producer.  Sweet  sorghum  has 
more  drought  tolerance  than  corn,  requires  less  fertility  and  has  no  known  pests. 
The  Piedmont  has  significant  cropland  available  that  is  not  currently  in  use. 

It  is  proposed  that  the  crop  will  be  mechanically  harvested  in  an  aligned  stalk 
bale  and  the  bales  transported  to  a  central  mill  for  processing.  For  an  energy 
crop  to  be  economical,  the  byproducts  must  also  be  used.  In  addition  to  the 
syrup  produced  as  an  ethanol  feedstock,  the  mill  will  also  produce  feed  grain 
from  the  seedhead,  forage  from  the  extruded  pith  material,  and  a  combustible 
fuel  from  the  rind  and  leaf  portions  of  the  stalk. 
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THE  EFFECT  OF  2 ,4,5-TRICHLOROPHENOL  ON  THYROXINE  (T4)  and  TRIIODOTHYRONINE  (T3) 
PLASMA  CONCENTRATIONS  IN  BEEF  STEERS.  Jeanne  L^o  Ward,  T.  So  Riainsey,  A.  S.  Kozak, 
and  K.  P.  Bovard.  College  of  Agriculture  and  Life  Sciences,  VPI  &  SU,  Blacks¬ 
burg,  Va.  24061,  and  U.  S.  Dept,  of  Agriculture,  Beltsville,  Md.  20705.  Two 
trials  were  conducted  to  gain  preliminary  evidence  as  to  whether  2 ,4, 5-trichlo- 
rophenol  (TCP),  a  metabolite  of  the  systemic  pesticide  ronnel,  affects  thyroid 
function.  In  trial  1,  six  growing  beef  steers  (2  per  treatment)  were  fed  the 
same  basal  diet  and  treated  with  either  no  chemical,  2  mg  propylthiouracil  per 
kg  body  weight  daily  (PTU,  a  known  affector  of  thyroid  function)  or  4  mg  TCP. 

In  trial  2,  the  same  steers  were  treated  as  follows;  1  steer  with  no  chemical; 

2  steers  with  1  mg  TCP;  2  steers  with  2  mg  TCP;  and  1  steer  with  4  mg  TCP. 

Plasma  samples  were  collected  up  to  23  days  in  both  trials o  Consistent  with 
prior  studies,  plasma  T4  and  the  ratio  of  T4  to  T3  increased  in  steers  treated 
with  2  mg  PTU.  These  plasma  levels  remained  constant  in  steers  fed  1  mg  TCP, 
but  appeared  to  increase  with  2  mg  TCP  and  to  decrease  with  4  mg  TCP.  These 
results  parallel  those  from  previous  trials  with  both  PTU  and  ronnel  and  suggest 
that  the  ronnel  metabolite  2 ,4 ,5-trichlorophenol  does  affect  thyroid  fxinction. 

NONPOINT  SOURCE  POLLUTION  OF  SUBSURFACE  WATER.  T.  M.  Younos*,  Dept,  of 
Agricultural  Engineering,  Va.  Polytechnic  Institute  &  State  University,  and 
T.  D.  Sponenberg*,  Virginia  Water  Resources  Res,  Ctr.,  Blacksburg,  VA  24061. 

Subsurface  water  consists  of  water  in  the  zone  of  aeration  needed  for  plant 
growth,  and  groundwater  in  the  saturated  zone  that  is  a  major  water  source  for 
households,  agriculture,  and  industry. 

In  recent  years  the  documentation  of  nonpoint  source  pollution  of  surface 
water  has  been  extensive,  but  few  studies  have  been  conducted  on  the  causes  and 
extent  of  nonpoint  source  pollution  of  subsurface  waters.  At  present,  three 
major  nonpoint  sources  present  potential  threats  to  subsurface  water  quality: 
agricultural  practices  (pesticide  and  fertilizer  application  and  land  applica¬ 
tion  of  various  wastes);  urban  and  suburban  sources  (buried  fuel  tank  leakage, 
road  de-icing  salts,  septic  systems);  and  acid  rain. 

This  paper  discusses  mechanisms  of  nonpoint  source  pollution  associated  with 
these  sources  and  attempts  to  identify  future  research  and  technical  needs  for 
prevention  and  management  of  subsurface  pollution  problems. 


Astronomy,  Mathematics,  and  Physics  Section 

TWO-PORT  NETWORK  PARAMETERS*  AN  APPLICATION  OF  LINEAR  ALGEBRAIC 
TECHNIQUES.  Lawrence  S.  Anker^ ,  Robert  E.  Lee  Undergraduate  Res. 
Scholar,  Washington  and  Lee  Univ. ,  Lexington,  Va .  2A450,  &  Ronald 
Lane  Reese*,  Dept,  of  Physics,  Washington  and  Lee  Univ.,  Lexington, 
Va.  24450.  A  sophomore  course  in  electrical  circuits  provides  an 
excellent  opportunity  to  introduce  the  techniques  of  linear  algebra 
early  in  the  undergraduate  physics  curriculum.  As  an  example  of 
what  may  be  done,  we  consider  the  transformations  among  the  two- 
port  network  parameters.  (Supported  by  a  grant  from  the  Robert  E. 
Lee  Res.  Program.) 

INELASTIC  ELECTRON  SCATTERING  FROM  SOLIDS.  A. A.  Cafolla,  T.  Aton  and  S.E. 
Schnatterly,  Dept,  of  Physics,  Univ.  of  Va.,  Charlottesville,  Va.  22903.  An 
inelastic  electron  scattering  spectrometer  for  the  study  of  electron  excitations 
in  solids  is  described.  The  spectrometer  has  a  main  beam  energy  of  300  keV  and 
an  energy  loss  resolution  of  ~150  meV.  Energy  loss  spectra  in  the  range  0  to 
700  eV  may  be  measured  with  momentum  transfer  from  0  to  2  We  discuss  the 

energy  loss  spectra  of^the  Rare  Earth  Tri-fluorides  from  0  to  300  eV  at  momentum 
transfers  from  0  to  1  A  These  spectra  show  both  solid  state  effects,  at 
energies  <  50  eV,  and  atomic  effects  at  energies  >  90  eV.  A  Kramer s-Kr on ig 
analysis  of  the  data  gives  the  complex  dielectric  function  and  the  optical  con¬ 
stants,  which  are  compared  to  previous  optical  measurements. 
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POWER  RATIOS  FOR  TWO  RESISTORS  IN  SERIES  AND  PARALLEL  NETWORKS.  A.  D.  Campbell, 
R.  W.  Major,  £  J.  B.  Seaborn*,  Dept,  of  Physics,  University  of  Richmond,  Va. 
23173.  Given  any  pair  of  resistors,  the  ratio  of  the  power  dissipated  in  a 
parallel  network  to  that  in  a  series  network  has  a  minimum  value.  Implications 
of  power  ratios  less  than  this  value  are  also  examined. 

COLLEGE  CATALOGUES:  FACT  OR  FICTION?  A.  D.  Campbell,  Dept,  of  Physics,  Univer¬ 
sity  of  Richmond,  Va.  23173.  After  studying  the  information  contained  in  nu¬ 
merous  college  catalogues  relative  to  the  type  of  institution,  its  location, 
and  its  physics  program,  visits  to  twenty-six  institutions  were  arranged  to 
acquire  firsthand  knowledge  about  their  physics  programs.  It  was  found  that  the 
information  contained  in  catalogues  varies  widely  and  often  bears  little  resem¬ 
blance  to  reality.  Perhaps  it  behooves  all  of  us  to  scrutinize  our  catalogues 
with  a  fresh  eye. 

PHYSICS  PROGRAMS  IN  SELECTED  INSTITUTIONS  IN  THE  EASTERN  AND  NORTHEASTERN 
UNITED  STATES.  A.  D.  Campbell,  Dept,  of  Physics,  University  of  Richmond,  Va. 
23173.  Some  findings  from  on-site  studies  of  the  physics  programs  in  twenty-six 
colleges  and  universities  are  reported.  Among  others,  these  findings  pertain 
to  courses  taught,  texts  used,  teaching  loads,  requirements  for  a  major,  and 
emphasis  on  research. 

LASER  PIIOTODETACFFENT  OF  PUPIDIUM-MINTTS  IN  A  MAGNETIC  FIELD, 

Ch  r 1 s  t  op her  J ,  F  d  ge^ and  Daniel  J .  Larson^  Dept,  of  Physics, U.V a., 
Rb”  ions  will  be  created  inside  a  magnetic  Penning  trap  bv  means 

of  the  dissociative  attachment  process  e-  +  RbCl - ^  R b ~  +  Cl. 

Electrons  will  be  photodetached  from  the  negative  ions  using  a 
tunable  dye  laser  and  the  relative  cross  section  measured  as  a 
function  of  laser  freauency.  In  particular,  It  is  hoped  that 
the  magnetic  field  '^ill  bring  out  new  structure  in  the  window 
resonance  near  the  P,  threshold  of  the  Rh"  ions. 

MMCIEMT  MOEUMEMTS  AMB  TEE  GAME  OF  CHECKERS.  Laurence  W.  Fredrick, 
Dept,  of  Astron.,  Univ.  of  Va.,  Charlottesville,  Va.,  22903-0818. 

C.  A.  Newham  (1961)  and  G.  Hawkins  (1963)  independently  noted 
numerous  astronomical  alignments  (including  the  lunar  extrem.a) 
contained  in  Stonehenge,  specifically  Stonehenge  I.  Hawkins 
later  proposed  that  Stonehenge  I  was  used  as  a  lunar  eclipse 
predictor.  F.  Hoyle,  after  studying  Hawkins  work,  proposed 
a  more  complete  algorithm  for  Stonehenge  I  that  predicted  all 
lunar  and  solar  eclipses.  V/hile  theses  theories  are  not  univers¬ 
ally  accepted ,  the  basic  thrust  does  give  an  explanation  for 
Stonehenge  and  its  curious  construction  sequence  that  spanned 
about  1800  years.  The  ideas  of  Hawkins  and  Hoyle  are  reviewed. 
The  principle  argument  against  these  ideas  is  that  the  stone- 
age  people  of  Britian  had  no  written  records  and  hence  could 
not  have  discovered  the  eclipse  cycle .  The  validity  of  this 
ar  guement  is  discussed , 

SOUTHEASTERN  UNIVERSITIES  RESEARCH  ASSOCIATION.  Harry  D.  Holmgren,-’^  Dept,  of 
Physics  and  Astronomy,  University  of  Maryland,  College  Park,  MD  207^2. 

The  Southeastern  Universities  Research  Association  (SURA)  is  a  consortium  of 
29  universities  located  in  ten  southeastern  states  and  the  District  of 
Columbia.  The  purpose  of  SURA  is  to  provide  an  organization  through  which 
universities  may  cooperate  with  one  another  and  government  in  developing  and 
managing  large  research  facilities  and  laboratories  in  the  biological  and 
physical  sciences.  SURA's  first  major  project,  the  Continuous  Electron  Beam 
Accelerator  Facility  (CEBAF),  will  be  located  in  Newport  News.  The  status  of 
CEBAF  and  other  SURA  projects  in  astronomy,  supercomputers,  and  materials 
science  will  be  discussed. 
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COLLISIONS  OF  H  MD  D  IONS  WITH  O2.  M.  Saiful  Hug*,  Dept,  of  Physics, 

College  of  William  and  Mary,  Williamsburg,  VA  23185-  Absolute  cross  sections 
for  electron  detachment  and  charge  transfer  have  been  measured  for  collisions 
of  H“  and  D“  with  O2  in  the  energy  range  extending  from  a  few  eV  to  about 
300  eV  in  the  lab.  The  detachment  cross  sections  show  structure  at  low  colli¬ 
sion  energies  and  is  attributed  to  a  competition  between  associative  detachment 
and  charge  transfer.  The  autodetaching  states  of  02(v'  >  3)  is  suggested  to  be 
the  principal  source  of  electrons  at  high  collision  energies.  The  charge 
transfer  cross  section  is  found  to  be  larger  than  the  detachment  cross  section. 
The  striking  feature  of  these  charge-transfer  cross  sections  is  that  large 
oscillations  in  these  cross  sections  are  observed  to  scale  remarkably  well  with 
relative  collision  velocity.  A  simple  two-state  model  is  used  to  describe  the 
observed  charge  transfer.  (Supported  by  the  Department  of  Energy.) 

DYNAMIC  SCREENING  EFFECTS  IN  INELASTIC  ELECTRON  SCATTERING.  P.  Livins,  S.  E. 
Schnatterly ,  T,  Aton,  A.  Gaf olla,  Univ.  of  Va.  Hopfield  [1]  has  predicted 
an  effect  for  metals  in  x^7hich  the  imaginary  part  of  the  dielectric  constant 
deviates  from  a  Drude  tail  near  the  plasma  frequency.  Using  inelastic  elec¬ 
tron  scattering  we  have  obtained  data  for  aluminum  consistent  with  this 
suggestion.  A  compilation  [2]  of  optical  data  due  to  many  observers  also 
reveals  this  feature.  The  advantage  our  experimental  technique  provides 
is  a  broad  energy  range  in  one  measurement.  Disadvantages  are  due  to  multiple 
scattering  and  we  discuss  our  efforts  to  circumvent  this  difficulty.  This 
dynamic  screening  effect  arises  due  to  electron  interaction  with  the  atomic 
cores  and  should  increase  with  greater  disorder.  We  discuss  this  enhance¬ 
ment  in  aluminum  alloys.  (Supported  in  part  by  the  National  Science  Founda¬ 
tion)  . 

1.  J.  J.  Hopfield,  Phys.  Rev.  139^,  AA19  (1965). 

2.  D.  Y.  Smith,  E.  Shiles,  M.  Inokuti  (Private  Gommunication) . 

PION  PRODUCTION  VIA  PARTICLE-HOLE  EXCITATIONS  IN  NUCLEUS-NUCLEUS  COLLISIONS. 

J.  W.  Norbury*  &  P.  A.  Deutchman*,  Physics  Dept.,  Univ.  of  Idaho,  Moscow,  ID. 
83843,  &  L.  W.  Townsend*,  NASA  Langley  Res.  Ctr.,  Hampton,  VA.  23665.  A  model 
for  the  production  of  pi  mesons  via  isobar  excitation  in  a  projectile  nucleus 
with  simultaneous  Ml  giant  resonance  formation  in  the  target  is  presented. 

Both  target  and  projectile  excitations  are  caluclated  within  the  context  of  a 
particle-hole  model.  Differential  cross  sections  are  calculated  and  compared 
to  experiment. 


SUPERCONDUCTIVITY  OF  T^IF  ALLOTROPIC  FORKS  OF  ZIR CON IUI>e- RASED  ALLOYS  CRTAINED 
BY  LIQUID  QIRNCHING  ON  FOT  SUBSTRATES.  S.J.  Poon*and  T.E.  Dowling*.  Dept,  of 
Physics,  Univ.  of  Virginia,  Charlottesville,  VA  22901,  Alloys  of  Zr-Ko,  Zr-Al , 
Zr-Ge,  and  Zr-Si  have  been  splat  cooled  to  various  substrate  temperatures.  It 
is  found  that  both  substrate  x^retting  and  thermal  effects  determine  the  structure 
of  the  samples.  In  oarticular,  the  body-centered  cubic  (’^CC)  nhase  region  in 
Zr-Ko  system  has  been  extended  to  a  low  Ko  concentration  of  about  5  at.'^.  From: 
this  study,  the  suner conducting  transition  temneratures  of  the  hxmothetlcal  ^CC 
and  amorohous  Zr  are  extraoolated  to  be  about  5F.  This  finding  disagrees  with 
the  value  obtained  in  quench-condensed  Zr.  (This  xTOrk  is  sponso'‘ed  by  the  NSF 
under  Grant  DL'R-B3”0262^.  ) 
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EFFECTS  OF  MULTIPLE  SCATTERING  ON  TIME  AND  DEPTH  RESOLVED  LIDAR  SIGNALS. 

Alkesh  Punjabi  &  Demetrius  D.  Venable,  Dept,  of  Physics,  Hampton  Institute, 
Hampton,  VA  23668.  Time  and  depth  resolved  lidar  signals  obtained  from  SALMON 
simulations  of  water  medium  containing  a  homogeneous  distribution  of 
phytoplankton  Prorocentrum  minimum  are  analyzed.  Effective  attenuation 
coefficients  are  obtai  ned  from  tTTese  analyses  and  compared  to  the  total 
attenuation  coefficients  based  on  the  single  scattering  approximation.  It  is 
observed  that  when  values  of  certain  dimensionless  parameters  characterizing 
the  lidar  system  and  medium  are  in  the  range  where  multiple  scattering  is 
expected  to  dominate,  the  observed  effective  attenuation  coefficients  deviate 
quite  appreciably  from  the  total  attenuation  coefficients  calculated  in  the 
single  scattering  approximation. 

THE  CEBAF  THEORY  GROUP — Edward  F.  Redish,  Department  of  Physics  and  Astronomy, 
U.  of  Maryland,  College  Park,  MD  20742 

The  nuclear  community  has  recently  decided  to  build  a  4  GeV  continuous 
beam  electron  accelerator  facility  (CEBAF)  to  study  the  properties  of  nuclei 
at  high  momentum  transfer.  The  competition  to  construct  this  facility  was  won 
by  the  SURA  group,  and  plans  are  moving  forward  to  build  an  accelerator  at 
Newport  News.  The  current  estimates  have  the  machine  coming  on-line  in 
1990±1.  In  the  meantime,  plans  are  being  made  to  establish  a  theory  group  on 
the  site  during  the  construction  phase.  The  major  purpose  of  the  machine  is 
to  study  the  fundamental  degrees  of  freedom  in  the  nucleus  at  short 
distances.  The  role  of  quarks  in  the  nucleus  is  the  most  pressing  question. 
Since  the  theory  of  quark  binding  is  still  in  the  primitive,  model-building 
stage,  considerable  guidance  from  theory  will  be  required  in  selecting  and 
designing  experiments  at  CEBAF.  The  talk  will  give  an  overview  of  the 
theoretical  questions  which  need  to  be  addressed  and  the  kinds  of  experiments 
which  have  been  proposed  for  the  new  facility. 

VIHGIHIA'3  NEARLY  TOTAL  ANNULAR  ECLIPSE,  MAY  30,  1984-  John  W.  Stewart,  Dept, 
of  Physics,  Univfirsity  of  Virginia,  Charlottesville,  Va,  22901.  Although  less 
spectacular  than  a  total  eclipse  such  as  was  witnessed  in  Tidewater  on  March  7, 
1970,  this  month’s  event  will  be  well  worth  watcliing.  On  May  30  the  moon  and 
sun  are  almost  a  perfect  match  in  apparent  size,  so  that  a  bright  ring  of  sun 
less  than  ij  arc-seconds  wide  will  be  left  uncovered.  This  is  less  than  the 
angular  height  of  some  lunar  mountains  on  the  limb,  so  that  one  may  expect  to 
see  Baily’ s  Beads  around  the  edge  of  the  black  disk  of  tiie  moon.  The  remaining 
glare  will  probably  be  sufficient  to  prevent  any  view  of  the  corona  and  solar 
prominences  -  the  most  striking  features  at  total  eclipses.  The  phenomena 
will  be  very  fleeting.  In  Virginia  the  annular  phase  lasts  on^-y  7  seconds, 
occurring  shortly  after  noon  along  a  path  less  than  3  miles  wide  extending 
from  Clarksville  to  Chlncoteague .  Petersburg  is  the  only  large  community 
within  the  track.  Virginians*  next  chance  to  observe  a  total  solar  eclipse 
will  be  on  September  14,  2099* 

MUON  SPIN  ROTATION  STUDIES  OF  Ni  ALLOYS.  C.  E.  Stronach,  Va.  State  Univ. , 
Petersburg,  Va.  23803,  R.  I.  Grynszpan*,  CNRS,  94400  Vitry-sur-Seine,  France, 

P.  Dassonvalle*,  Univ.  Paris,  Paris,  France,  and  B.  D.  Patterson*,  Univ, 

Zurich,  CH-8001  Zurich,  Switzerland.  The  muon  spin  rotation  technique  (MuSR) 
has  been  used  to  measure  magnetic  fields  (By)  at  interstitial  sites  in  Ni 
alloys  at  room  temperature.  Our  By  values  and  depolarization  rates  (X)  suggest 
that  impurities  with  complete  d  electron  subshells  (Cu,  Au)  tend  to  repel 
whereas  those  lacking  d  electrons  relative  to  Ni  (Mn,  Fe,  Co)  attract  the  y"^. 

V  and  Cr  impurities  seem  to  produce  large  local  changes  in  electron  spin  den¬ 
sity.  The  effects  of  impurities  upon  the  hyperfine  field,  and  the  interaction 
of  y"^  with  vacancies  and  dislocations  will  be  discussed.  (Supported  in  part 
by  NASA  grants  NSG-1342  and  NAG-1-614,  and  by  CNRS,  France.) 
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AN  ABRASION-ABLATION  MODEL  ANALYSIS  OF  213  MeV/NUCLEON 
'  ARGON  FRAGMENTATION  BY  CARBON.  L.  W,  Townsend*  &  J.  W.  Wilson* 

NASA  Langley  Research  Center*  Hampton,  Va.  23665,  &  J.  W.  Norbury*, 

:  Physics  Dept.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Cross  sections 
for  the  production  of  sulfur,  phosphorus,  silicon  and  aluminum  isotopes, 

!  due  to  the  nuclear  breakup  of  213  MeV/nucleon  argon  nuclei  in  a  carbon 
I  target,  are  calculated  using  a  simple  abrasion-ablation  fragmentation 
model.  Comparisons  of  theoretical  estimates  with  experimental  results 
obtained  at  Lawrence  Berkeley  Laboratory  are  made. 

PRESENT  STATUS  OF  CEBAF.  Richard  C.  York,  Dept,  of  Physics,  Univ.,  of  Va. , 
Charlottesville,  Va.  22901.  The  Continuous  Electron  Beam  Accelerator  Facility 
(CEBAF)  is  based  upon  a  linac-pulse  stretcher  ring  design  capable  of  delivering 
high  duty  factor  (>  90%) ,  intense  (200  yA) ,  electron  beams  in  the  energy  range 
of  0.5  to  4  GeV.  The  facility  will  be  used  to  investigate  the  largely  unex¬ 
plored  transition  region  between  medium  and  high  energy  nuclear  physics  where 
models  of  nuclear  matter  are  based  upon  nulceons  with  meson  exchange  currents 
and  quark-gluon  systems  respectively.  The  current  status  and  future  plans  for 
CEBAF  will  be  discussed. 


Biology  Section 

BACTERIAL  DENSITIES  IN  SELECTED  SESTON  FRACTIONS  IN  A  LARGE  RIVER 
ECOSYSTEM.  M.G,  Bowen*  and  G.M.  Simmons,  Jr.,  Dept,  of  Biol., 

Va.  Polytech.  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

A  carbon  flow  model  is  near  completion  for  the  Winfield  Pool  of  the 
Kanawha  River  near  Charleston,  W.Va.  for  the  purpose  of  evaluating 
the  future  impact  of  increased  barge  traffic.  Because  this  portion 
of  the  river  is  he t e r o t r ophi c ,  seston  abundance  and  associated 
bacterial  densities  were  an  important  component  of  the  model.  Our 
data  show  the  greatest  bacterial  densities  associated  with  the 
ultrafine  seston  size  class.  Bacterial  densities  increased  during 
early  winter,  and  by  mid-winter  had  reached  densities  character¬ 
istic  of  the  remaining  year.  Bacterial  densities  were  independent 
of  station  and  depth.  There  was  no  relationship  between  the  wax 
and  wane  of  bacterial  densities  and  Chi  ^  levels.  (Supported  by 
the  U.S.  Army  Corps  of  Engineers,  Huntington,  W.Va.) 

EFFECTS  OF  PRENATAL  AND  POSTNATAL  ETHOSUXIMIDE  CONSUMPTION  ON  BEHAVIOR  AND 
CEREBELLAR  CORTEX  HISTOLOGY  IN  MICE.  P.  A.  Britt '-s  P.  L.  Dementi,  and  A.  F. 
Conway,  Dept,  of  Biology,  Randolph-Macon  College,  Ashland,  Va.  23005.  Mating 
pairs  of  CD-I  mice  were  provided  with  tap  water  (controls)  or  with  0.06  mg/ml 
ethosuximide  in  tap  water  (experimentals)  as  their  sole  water  source.  Litters 
were  culled  to  2  males  and  2  females  at  day  1  postpartum  and  cross-fostered  in 
all  possible  combinations.  Behavior  of  offspring  was  monitored  for  4  weeks. 
Animals  exposed  to  ethosuximide  pre-  and/or  postnatally  lagged  behind  controls 
in  activity  levels  and  coordination  (particularly  in  hind  limb  movements). 
Offspring  were  sacrificed  at  4  weeks  postpartum  for  histological  evaluation. 
Significant  changes  in  cerebellar  histology  (p<0.05, ANQVA)  included  reduction  in 
numbers  of  granule  layer  large  neurons  (prenatal  treatment),  molecular  layer 
astrocytes  (postnatal  treatment),  and  Purkinje  neurons(pre“  and/or  postnatal 
treatment),  and  increase  in  Purkinje  layer  microglia  (pre-  and  postnatal 
treatment) . 
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ACTIVITY  BUDGET  OF  THE  LIZARD,  ANOLIS  LIVIDUS.  G.  R.  Brooks,  Dept,  of  Biol., 

Col.  of  William  and  Mary,  Williamsburg,  Va.  23185.  An  activity  budget  was 
developed  for  adult  Anolis  1 iv idu s ,  a  solitary  endemic  on  Montserrat,  W.I. 
Forty-three  males  and  30  females  were  observed  for  a  total  of  52  hours  (male 
X  =  48  min.;  females  x  =  36  min.).  Males  changed  their  position  less 
frequently  than  females.  Females  made  twice  as  many  sucessful  foraging  forays 
per  hour  than  males  (male  x  =  2.7;  female  x  =  5.9)._  Males  captured  prey  at 
higher  sites  than  females  (male  x  =  1.5  m;  females  x  =  0.3  m) .  The  majority 
of  social  interactions  occurred  between  adult  males  and  juveniles. 

FIXED  STATION  MONITORING  OF  MEROPLANKTON  IN  THE  CHESAPEAKE  BAY  MOUTH.  David  W. 
Byrd* ,  B.  W.  Parolari*,  R.  S.  Birdsong*,  J.  F.  Matta,  and  S.  E.  Buchanan*,  Dept, 
of  Biological  Sciences,  Old  Dominion  Univ. ,  Norfolk,  Va.  23508.  Plankton 
samples  were  collected  semimonthly  from  a  fixed  position  on  the  Chesapeake  Bay 
Bridge  Tunnel  pier.  Collections  were  taken  at  four  depths  on  the  new  and  full 
moon  from  January  1982  to  December  1983.  All  meroplanktonic  species  were 
identified  and  counted.  Statistical  analysis  was  undertaken  to  estimate  major 
meroplanktonic  species/group  densities  in  individuals  per  cubic  meter  of  water 
sampled.  Species  occurrence  with  respect  to  season  and  depth  were  determined 
as  well  as  the  feasibility  of  fixed  station  sampling  as  an  alternative  to  active 
tow  sampling. 

AILOZYME’  VARIABILITY  IN  LOW  VERSUS  HIGH  SALINITY  POPULATIONS  OF  THE 
HARD-SHELI  CLAIVi,  IVERCENARIA  NERCENARIA .  Carol  J.  Bult^  and  Anne  N, 
IViurphy*,  Dept,  of  Biol.,  George  Mason  Univ.,  Fairfax,  Va.  22030. 
Genotype  frequencies  in  a  sample  of  317  hard-shell  clams  from  an 
area  of  low  salinity  were  compared  to  frequencies  in  a  sample  of 
847  clams  from  area  of  high  salinity.  The  two  groups  did  not  differ 
significantly  for  genotype  frequencies  at  four  of  the  five  loci 
examined  (Pgi ,  Lap ,  Pgd ,  Pgm-2 ,  Pgm-3 ) »  The  one  significant 
difference,  which  was  at  the  Lap  locus,  was  subtle.  Only  the  Lap 
locus  deviated,  from  Hardy-Weinberg  expectations  in  both  groups. 
(Supported  by  Virginia  Sea  Grant  R/A-I3  to  Dr.  Laura  Adamkewicz.) 

IIYIMUNOLOGICAL  CONPARISON  OF  WATER  TOLDS  OF  THE  GENERA  ACHLYA,  COUCHIA,  AND 
SAPROLEGNIA.  liJ.  C.  Burgess^,  lii.  W,  Martin,  and  A,  R.  Conway,  Dept,  of  Biology, 
Randolph-Macon  College,  Ashland,  Va.  23005.  The  many  morphological  similarities 
among  the  genera  of  water  molds  in  the  Saprolegniaceae  make  identification 
difficult.  Therefore  development  of  immunological  techniques  for  identification 
of  genera  in  this  group  is  desirable.  Groups  of  5  male  CD-1  mice  were  immunized 
against  homogenates  of  agar  culture  medium,  Achlya,  Couchia,  or  Saproleqnia 
emulsified  with  Freund's  complete  adjuvant.  All  mice  immunized  with  fungi 
developed  detectable  antibodies  (by  immunofluorescence)  against  cell  walls  and 
other  insoluble  fungal  components.  Most  mice  immunized  with  fungi  also  developed 
detectable  (by  immunodiffusion)  antibodies  against  soluble  fungal  components. 
Many  sera  showed  detectable  reactions  against  one  or  both  of  the  genera 
to  which  the  animal  was  not  immunized  and  against  agar.  The  results  suggest  that 
this  approach  will  be  useful  in  identification  of  these  genera,  but  removal  of 
agar  contamination  prior  to  immunization  will  be  necessary  for  clear  results. 
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THE  INFLUENCE  OF  FEMALE  PRESENCE  OR  URINE  ON  AGGRESSIVE  BEHAVIOR  IN  MALE  PRAIRIE 
DEERMICE  (PEROMYSGUS  MANICULATUS  BAIRDII) .  Paul  J.  Bushmann  and  G.  Richard 
Terman,  Lab.  of  Endocrinology  and  Population  Ecology,  Biology  Dept.,  Gol.  of 
VJilliam  and  Mary,  Williamsburg,  VA  23185.  Adult  male  prairie  deermice  housed 
from  weaning  (21  d)  with  sibling  males  were  paired  with  females  and  placed  as 
individual  pairs  in  single  compartments  of  standard  two-compartment  opaque 
plastic  cages.  Two  or  three  days  later,  the  males  from  two  pairs  were  placed  in 
a  neutral  arena  under  one  of  the  following  conditions: 

1.  Their  female  associates  present. 

2.  One  of  the  two  associated  females  present. 

3.  The  urine  of  the  two  associated  females  painted  in  the  arena. 

4.  The  urine  of  one  of  the  two  associated  females  painted  in  the  arena. 

5.  Neither  urine  nor  females  present. 

Aggression  was  recorded  during  the  subsequent  0.5  h.  A  second  encounter  between 
the  same  males  under  identical  conditions  took  place  24  h  after  the  first. 

There  were  no  significant  differences  between  encounter  situations  in  the 
occurrence  of  aggression.  These  results  differ  from  several  earlier  studies 
and  suggest  that  aggression  in  m.  bairdii  males  is  a  more  complex  phenomenon 
than  previously  thought. 

Pregnancy  Block  and  Effects  of  Stranger  Male  Urine  on  Pregnancy  in 
Female  White-footed  Mice  ( Peromyscus  leucopus  noveboracensis ) . 

D.A,  Utt . Jr. .  and  C.R.  Terman,  Lab.  of  Endocrinology  and  Population 
Ecology,  Biology  Dept,,  College  of  William  and  Mary,  Williamsburg, 
Va.  23185.  Vaginal  smears  were  taken  from  female  white-footed  mice 
and  upon  evidence  of  insemination  the  mice  were  placed  in  contact 
with  a  stud  and/or  a  stranger  male.  Pregnancy  rates  in  all  condi¬ 
tions  were  very  low.  Eighty-six  percent  of  all  inseminations 
occurred  within  72  hours  of  pairing.  The  effects  of  the  smearing 
technique  on  pregnancy  rate  were  tested  by  smearing,  handling  with 
no  smear,  and  leaving  an  undisturbed  control  group.  Pregnancy  rates 
were  low  in  all  groups.  Physical  contact  with  a  stranger  male  was 
shown  to  cause  pregnancy  block,  even  with  the  stud  male  present 
(P£,05).  Separation  of  females  from  stud  and/or  stranger  males  by 
a  wire  mesh  divider  showed  low  pregnancy  rates  in  all  groups. 

Females  treated  with  shavings  soiled  by  stud  and/or  stranger  males, 
and  females  kept  in  cages  painted  with  the  urine  of  stud  and/or 
stranger  males,  showed  low  pregnancy  rates  in  all  groups. 

EFFECTS  OF  ROAD  CONSTRUCTION  ON  THE  INSECT  COMMUNITY  STRUCTURE  OF  LITTLE  RIVER, 
HANOVER  CO.,  VA.  Mark  R.  Carter^  and  C.  B.  Knisley.  Dept,  of  Biol.,  Randolph- 
Macon  Col.,  Ashland,  VA.  23005.  Surveys  of  the  insect  community  and  several 
physical  factors  were  conducted  on  the  Little  River  above  (A95)  and  below  (B95) 
the  bridge  construction  site  on  1-95  from  Sept.  1983  through  Mar.  1984.  Sed¬ 
iment  deposition  was  higher  at  B95 ,  especially  in  the  fall  and  probably 
explains  the  following:  reduced  total  insect  biomass  and  reduced  taxon  diversi¬ 
ty  and  biomass  of  case-building  Trichoptera  and  Ephemeroptera ,  and  increased 
abundance  of  Chironomidae .  Community  similarity  coefficients  suggest  that  the 
A95  sites  were  more  similar  to  each  other  in  insect  composition  than  to  the  B95 
site.  Results  of  artificial  substrate  samplers  were  different  in  that  greater 
numbers  and  biomass  of  insects  were  collected  at  B95 .  This  suggests  that  the 
increased  sedimentation  here  must  have  caused  greater  colonization  of  the  fresh 
substrates  of  these  samplers.  Winter  and  early  spring  surveys  gave  evidence  of 
reduced  sedimentation  and  recovery  of  the  insect  populations.  This  was  appar¬ 
ently  due  to  winter  flushing  by  rainfall  or  to  cessation  of  construction. 
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BIRDS  OF  THE  DISMAL  SWAMP  REGION.  C.  Ray  Chandler^-,  Dept,  of  Biology,  Old 
Dominion  Univ.,  Norfolk,  VA  23508.  The  geological  history  and  geographic 
position  of  the  Great  Dismal  Swamp  make  the  area  biologically  unique.  Despite 
this  fact,  ornithological  research  in  the  Swamp  has  lagged  in  recent  years. 

This  lag  is  not  due  to  a  lack  of  ornithological  problems.  Two  little-studied 
warblers,  Swainson’s  and  Wayne’s,  have  large  populations  in  the  Swamp,  but  re¬ 
cent  ecological  studies  are  lacking  for  both  taxa.  The  Prairie  Warbler  unchar¬ 
acteristically  inhabitats  iriature  forest  in  many  portions  of  the  Swamp.  Compar¬ 
ative  studies  of  this  species  in  mature  forest  and  more  typical  second-growth 
areas  could  address  questions  on  foraging  strategies,  competition,  and  habitat 
selection.  The  mosaic  of  plant  communities  in  the  Swamp,  each  with  a  slightly 
different  bird*  community,  can  provide  a  natural  experiment  on  the  relationship 
of  avian  communities  to  the  composition  and  structure  of  vegetation.  Finally, 
many  subspecies  of  birds  reach  their  northern  limit  in  the  Dismal  Swamp  region. 
Collection  and  taxonomic  research  are  badly  needed  to  determine  which  of  these 
subspecies  merely  represent  clinal  variation  and  which  are  valid  subspecies. 

LIFE  HISTORY  PARAMETERS  OF  THE  EASTERN  HARVEST  MOUSE  IN  SOUTHEASTERN  VIRGINIA. 
Michelle  C.  Chandler'^L  &  Robert  K.  Rose,  Dept,  of  Biol.,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  The  life  history  of  Reithrodontomys  humulis  was  examined 
from  March  1983  to  March  1984  in  an  old  field  in  southeastern  Virginia.  Bi- 
v/eekly  live-trapping  was  conducted  on  two  grids,  .36  ha  and  .27  ha  in  area. 
Small  fitch-type  traps,  designed  to  trap  very  small  animals,  were  used.  The 
majority  of  trapped  animals  weighed  less  than  twenty  grams.  Individuals  of 
eight  species  were  captured,  with  the  most  common  being  humulis ,  Mus  muscu- 
lus ,  and  Cryptotis  parva .  Preliminary  findings  indicate  that  humulis  has  a 
relatively  short  field  life.  Most  individuals  were  trapped  for  not  more  than 
three  months,  although  five  were  trapped  for  five  or  more  months  and  one  was 
trapped  for  ten  months.  Juveniles  comprise  a  large  portion  of  the  population, 
particularly  in  the  late  summer  and  autumn.  Pregnant  mice  were  observed  from 
late  March  to  late  November,  although  female  mice  were  infrequently  trapped 
during  the  summer.  Harvest  mice  were,  for  the  most  part,  fairly  sedentary, 
although  occasional  individuals  moved  up  to  100  m.  Mus  appeared  to  be  much 
less  tolerant  of  harsh  environmental  parameters  than  R.  humulis .  The  number 
of  Mus  decreased  during  the  winter  and  dry  summer  months. 

EFFECTS  OF  INCREASED  UITAFIIN  C  INTAKE  ON  CIRCULATING  POPULATIONS  OF  LY|Y|PH0CYTES 
AND  ON  THE  HISTOLOGY  OF  THE  SPLEEN  IN  MICE.  V.  Hani«  and  A.  F.  Conmay,  Dept,  of 
Biology,  Randolph-Macon  College,  Ashland,  Va,  23005.  The  effects  of  increased 
ascorbate  intake  on  circulating  levels  of  white  blood  cells  and  on  spleen 
histology  were  evaluated  in  CD-I  mice.  Control  mice  received  distilled  water 
while  experimental  mice  received  1000  mg/l00  ml  commercial  Vitamin  C  in 
distilled  water  as  their  sole  source  of  drinking  water.  After  4  weeks  of 
treatment,  ascorbate  supplementation  significantly  increased  monocyte  and  small 
lymphocyte  concentrations  and  significantly  decreased  neutrophil  concentrations 
in  blood.  Volume  of  white  pulp  and  splenic  nodules  per  gram  spleen  weight 
increased  significantly  with  no  significant  change  in  spleen  size,  resulting  in 
a  decreased  volume  of  red  pulp.  These  results  indicate  that  increased  ascorbate 
intake  significantly  altered  rates  of  production  and/or  rates  of  transfer  from 
blood  to  body  tissues  of  white  blood  cells. 
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EFFECTS  OF  ETHANOL  CONSUMPTION  ON  THE  HISTOLOGY  OF  THE  CEREBELLAR  CORTEX  IN 
MICE.  M.  Harris""",  P.  L.  Dementi,  and  A^  F_j_  Coniuay ,  Dept,  of  Biology,  Randolph- 
Macon  College,  Ashland,  Ma,  23005.  Groups  of  4  female  CD~1  mice  were  supplied 
with  distilled  water (controls) ,  4^  ethanol  in  distilled  water,  or  8^  ethanol  in 
distilled  water  as  their  sole  source  of  drinking  water.  After  25  days  of 
treatment,  the  cell  populations  in  the  cerebellum  were  estimated  by  histological 
counting.  Orientation  of  the  primary  dendrite  of  the  Purkinje  neurons  was 
estimated.  Control  and  experimental  values  were  compared  using  a  t-test.  No 
significant  differences  in  cell  density  were  observed  for  neurons,  macroglia,  or 
microglia  in  the  molecular  layer,  for  neurons  in  the  Purkinje  layer,  or  for 
large  neurons  or  microglia  in  the  granular  layer. Ethanol-treated  mice  showed 
significantly  reduced  numbers  of  granule  cells  in  the  granular  layer  and 
significantly  increased  deviation  from  perpendicular  orientation  of  the  primary 
dendrite  of  the  Purkinje  neurons(apparently  due  to  loss  of  part  of  the  dendrite). 

MORPHOMETRIC  STUDY  OF  ENDOMETRIAL  LYMPHOCYTES  IN  IMMUNE-STIMULATED  CD-I  MICE. 
Carolyn  M.  Conway,  D.  Brent  Nelson^",  Dept,  of  Biol,,  Va.  Commonwealth  Univ., 
Richmond,  Ua.  23284,  &  Arthur  F,  Conway,  Dept,  of  Biol.,  Randolph-Macon  College, 
Ashland,  l/a.  23005.  The  effect  of  thyroid-specific  and  non-organ-specific 
immune  stimulation  on  populations  of  endometrial  lymphocytes  and  related  cell 
types  was  studied.  Immune  stimulation  was  achieved  by  subcutaneous  injections 
of  Freund's  adjuvant  (complete  or  incomplete)  emulsions  of  either  thyroid- 
homogenate  or  saline.  Tissues  were  fixed  by  vascular  perfusion  with  buffered 
paraformaldehyde.  Paraffin  sections  (6  jj)  were  stained  with  azure  A-eosin  B. 
Populations  of  lymphocytes,  plasma  cells,  and  granulocytes  werg  determined  from 
cell  counts  taken  from  200  different  endometrial  areas  (6400  u  each)  per  fe¬ 
male,  Comparisons  between  cell  populations  observed  in  immune-stimulated  and 
control  females  indicated  that  immune  stimulation  generally  led  to  an  elevation 
in  lymphocytes.  Increased  endometrial  lymphocytes  may  result  in  an  alteration 
of  the  intrauterine  environment  which  could  subsequently  affect  embryogenesis. 

PREY  BIASED  KILLING  BEHAVIOR  OF  LEAST  WEASELS  (MUSTELA  NIVALIS) .  J.  A.  Cranford, 
Biol.  Dept.,  Va.  Polytechnic  Institute  and  State  Univ.,  Blacksburg,  VA  24061. 

Prey  killing  behavior  of  least  weasels  (N=8)  was  examined  with  respect  to  two 
prey  types  (Peromyscus  leucopus ,  N=80,-  maniculatus ,  N=80)  in  a  free  ranging 
38m2  enclosure.  Eight  weasels  lab  acclimated  for  90  days  were  used  and  prey 
were  from  the  laboratory  colonies.  Two  prey  were  used  in  each  test  with  inter- 
and  intraspecific  combinations  of  sex  and  age  evaluated.  Prey  were  arena  ac¬ 
climated  for  10  minutes  prior  to  predator  release .  Prey  behavior  recorded  was 
activity  type,  escape  speed  and  direction.  Predator  behavior  recorded  was  ac¬ 
tivity  type,  behavior  prior  to  attack,  direction  of  attack  and  type  of  prey 
injury.  Both  Peromyscus  species  were  right  turn  biased  when  tested  in  a  neutral 
Y  maze,  weasels  were  not  biased.  Turn  bias  persists  in  Peromyscus  during  free 
ranging  acclimation  and  when  pursued  by  a  weasel  increased.  Weasels  approached 
prey  preferentially  from  the  prey's  left  side.  Males  of  both  prey  species  and 
age  classes  are  killed  by  central  nervous  system  injury,  females  by  injury  to 
the  chest  cavity. 
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PROBABLE  TRANSMISSION  OF  TICK  BORNE  TYPHUS  (ROCKY  MOUNTAIN  SPOTTED  FEVER)  BY 
WOUND  CONTAMINATION.  Ralph  P.  Eckerlin,  Natural  Sciences  Div. ,  Northern  Va. 
Cmnty.  Col. ,  Annandale,  Va.  22003.  A  white,  56  year  old  male  resident  of 
Fairfax  County,  Va.  presented  at  a  health  care  clinic  in  August,  1983  with 
symptoms  of  fever  of  sudden  onset,  myalgia,  and  headache.  History  and  physical, 
blood,  urine,  and  x-rays  were  taken.  Tetracycline  therapy  was  begun  the  same 
day.  Later  tests  confirmed  the  presumptive  diagnosis  of  Rocky  Mountain  Spotted 
Fever.  The  Weil-Felix  Reaction  was  positive  for  spotted  fever  group  rickettsiae, 
and  the  immunofluorescence  test  showed  titers  of  1:8  for  acute  serum  and  1:380 
for  convalescent  serum.  Typical  rash  did  not  develop.  The  patient  had  no  recall 
of  a  tick  bite;  his  only  exposure  to  a  tick  during  the  entire  summer  occurred 
four  days  prior  to  the  onset  of  symptoms.  On  that  day  he  had  removed  a  tick 
from  a  rabbit  with  his  fingers  and  as  he  did  the  tick  burst.  Shortly  afterward, 
he  removed  thorns  from  his  leg.  It  is  probable  that  infection  occurred  through 
wound  contamination  with  tick  body  fluids  containing  Rickettsia  rickettsii . 

A  SMALL  MAMMAL  COMMUNITY  DOMINATED  BY  SYNAPTOMYS  COOPERI  AND  MICROTUS  PINETORUM. 
Linda  J .  Ford“  and  Robert  K.  Rose,  Dept,  of  Biological  Sciences,  Old  Dominion 
University,  Norfolk,  VA  23508 

In  April  1983,  two  transects,  each  with  50  Sherman  traps,  were  established  in  a 
young  pine  plantation  in  Suffolk,  VA.  Trapping  revealed  a  small  mammal 
community  composed  of  Reithrodontomys  humulis  (harvest  mouse)  and  Synaptomys 
c o ope riCsou them  bog  lemming)  but  dominated  by  Microtus  pinetorum  (woodland 
vole).  In  October  1983,  two  6  by  15  grids  were  established  in  a  0.4  ha  area 
and  small  Fitch  traps  replaced  the  Sherman  traps.  Subsequent  trapping  has 
produced  the  following  numbers  of  new  individuals:  59  M^  pinetorum,  21  S . 
cooperi,  10  Blar ina  brevicauda  (short-tailed  shrew),  and  5  R.  numulis .  Thus, 
the  small  mammal  community  is  dominated  by  M.  pinetorum  and  Synaptomys ,  an 
unusual  combination  of  microtine  rodents.  The  rows  of  pine  trees  have  standing 
water  at  all  times  except  late  summer,  so  water  levels  are  being  recorded  to 
determine  if  this  may  affect  the  small  mammal  distributions.  Reproductive, 
body  weight,  and  location  information  are  being  recorded,  and  samples  of  feces 
are  being  collected  for  analysis  of  shared  foods.  Later,  habitat  variables 
will  be  measured  to  learn  whether  Microtus  and  Synaptomys  may  be  using 
different  pqrts  of  the  plant  cpmriiunity. 

THE  GROSS  ANATOMY  OF  THE  SIXTH  ABDOMINAL  GANGLION  OF  THE  SOUTH  AMERICAN 
COCKROACH,  BLABERUS  GIGANTEUS.  Sherry  Ham*,  Virginia  Tipton,  Vivian  Mah,  & 
Patrick  Mikesell,  Dept,  of  Biology.,  Radford  Univ. ,  Radford,  VA.  24142.  The 
terminal  (sixth)  abdominal  ganglion  has  four  pairs  of  nerves  symmetrically 
attached  to  it.  Anteriorly,  the  fifth  and  sixth  ganglia  are  united  by  the  pair 
of  nerve  fiber  tracts  called  connectives.  There  are  two  pairs  of  lateral 
nerves.  The  anterolateral  pair  innervates  the  margins  of  the  sixth  and  seventh 
segments,  with  major  branches  at  the  ends  of  the  nerves.  The  posterolateral 
nerves  weave  through  sternal  muscles  of  segment  seven  with  major  branches 
leading  to  the  central  sternal  muscles  and  the  periphery.  The  posterior,  or 
cereal  nerves,  are  the  most  prominent  and  innervate  segments  eight  and  nine, the 
reproductive  organs  and  the  cerci.  The  cereal  nerves  are  the  most  extensively 
branched . 

REPRODUCTION  IN  TIDEWATER  COTTON  RATS.  Patricia  Anne  Hopkins*  and  Robert  K. 
Rose.  Dept,  of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508. 
Monthly  samples  of  cotton  rats  (Sigmodon  hispidus)  from  a  250  ha  oldfield  in 
Portsmouth,  VA  were  evaluated  for  evidence  of  current  or  recent  reproduction, 
starting  in  September  1983.  Breeding  ceased  in  October,  and  resumed  in  April. 
The  overwintering  population  exhibited  the  typical  gonadal  regression,  higher 
fat  levels,  and  what  appear  to  be  modest  rates  of  body  growth.  However,  the 
population  had  a  high  level  of  gastrointestinal  parasites,  including  exception¬ 
ally  heavy  burdens  of  stomach  worms  (Physaloptera  hispida,  a  nematode) ,  There 
may  be  an  association  between  parasite  load  and  both  small  litter  size  and  the 
timing  of  reproduction. 
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BRAI^CHIAL  ULTRASTRUCTUHE  AND  THE  PRESENCE  OF  NA+-K+-ATPASE  IN  THE  HORSESHOE 
crab?  LIMULUS  POLYPHEMNS  (LINEAEUS).  Susan  A,  Jackson^  Dept,  of  Biol. ,  College 
of  William  &  Maryj  Williamsburg,  VA  23185.  The  book  gill  of  the  horseshoe  crab 
consists  of  five  paired  stacks  of  thin  chitinous  lamellae,  each  stack  containing 
about  150  lamellae.  The  oval-shaped  central  region  of  each  lanBlla  is  visibly 
distinct  from  the  outer  region  and  conprlses  about  one-third  of  a  laiiKlla.  In 
the  central  region,  mitochondria  are  packed  into  extensive  basal  infoldlngs  and 
lateral  Interdlgltatlons  of  cell  membranes.  Apical  microvilli  are  absent.  In 
both  re^ons,  the  epithelium  between  cuticle  and  blood  is  one  cell  layer  thick, 
however  in  the  outer  region,  cells  are  thinner  and  lack  conplex  ultrastructure. 
Na+-K+-ATPase  activity  in  the  central  region  is  three  times  that  in  the  outer 
region.  Hi^  levels  of  this  enzyme  also  occur  in  the  coxal  gland  of  Llmulus 
which  exhibits  the  same  conplex  maze  of  extracellular  channel  as  the  central 
region  of  the  gill.  This  suggests  that  coxal  gland  and  gill  lamellae  share 
Inportant  ion  regulatory  and/or  excretory  functions.  The  outer  region  of  the 
lairellae  probably  functions  primarily  in  respiratory  gas  exchange. 

DISTRIBUTION  PATTERNS  OF  FRESHWATER  MUSSELS  AT  NORTH  HOUSTON  FORD,  NORTH  FORK 
HOUSTON  RIVER,  VIRGINIA.  H.  E.  Kitchel  and  R.  J.  Neves,  Dept,  of  Fish.  &  Wildl. 
Sci.,  VPI  &  SU,  Blacksburg,  VA  24061.  During  1981  and  1982,  16  species  of 
freshwater  mussels  were  collected  at  North  Holston  Ford  (NFHRM  86.9).  A  mean 
density  of  10.6  mussels/m2  was  estimated  from  sixty  random  0.5m^  quadrat  samples, 
indicating  a  population  of  30,690  adult  mussels  for  the  2930m2  study  area. 
Quadrat  samples  contained  10  mussel  species,  and  6  additional  species  were 
collected  in  muskrat  middens  and  by  handpicking.  Mussel  densities  varied 
according  to  location  in  the  river.  Water  depth,  current  veloci ty,  and  substrate 
composition  followed  consistent  patterns  throughout  the  study  reach,  but 
distribution  of  mussels  appeared  to  be  most  closely  correlated  with  substrate 
composition.  Substrate  samples  indicated  five  longitudinal  stream  sections 
which  differed  in  percent  composition  of  substrate  particle  sizes.  The  greatest 
species  densities  were  found  associated  with  mixed  sand,  gravel,  and  pebble 
substrates.  High  species  diversity  was  associated  with  areas  of  high  mussel 
density  and  around  seasonally  exposed  vegetation  beds. 

PROGRESS  TOWARD  THE  INITIATION  OF  A  BIOLOGICAL  SURVEY  OF  THE  U.S.  (BISUS), 
Michael  Kosztarab ,  Dept,  of  Entomology,  Va.  Polytechnic  Inst,  and  State  Univ. , 
Blacksburg,  Va.  24061.  The  concept  of  a  national  biological  survey  has  been 
endorsed  by  5  national  and  2  regional  scientific  organizations  (including  VAS), 
During  March  1983  eight  U.S.  government  agencies  expressed  moral  support  and 
agreed  with  the  proposal  to  organize  national  workshops  as  the  first  step 
toward  initiating  the  survey.  The  purpose  of  the  workshops  would  be  to:  (1) 
assess  the  needs  and  determine  the  priorities  for  each  major  taxon;  (2)  prepare 
a  plan  for  a  three  year  pilot  project  to  initiate  the  survey.  The  pilot  project 
could  compile  available  information  and  establish  a  national  biological  data 
base,  prepare  a  report  on  the  status  of  the  U.S.  Biota  for  the  Congress,  and 
provide  a  blueprint  for  a  long-range  project.  When  BISUS  is  established,  it 
can  perform  the  needed  national  survey,  monitor  changes  in  the  biota,  with 
emphasis  on  adversely  affected  environments,  prepare  species  catalogues, 
identification  manuals  and  monographs  on  the  taxa  studied.  Funding  for  the 
Survey  would  probably  have  to  come  from  special  appropriations  from  Congress. 
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A  SURVEY  OF  HOUSE  DUST  MITES  IN  THE  WILLIAMSBURG  AREA.  M.  T.  Lassiter  &  N.  J. 
Fashing,  Dept,  of  Biol.,  Col.  of  William  &  Mary,  Williamsburg,  Va.  23185,  House 
dust  mites  (Dermatophagoides  f ar inae  and  pteronyssinus)  have  been  identified 
as  the  major  concentrator  of  dust  allergens.  This  survey  sought  to  identify 
the  mites  present  in  house  dust  and  determine  their  population  densities  in  the 
Williamsburg  area,  an  area  with  a  high  incidence  of  allergy.  Using  a  vacuum 
cleaner  fitted  with  a  special  nozzel,  dust  samples  were  taken  from  beds,  sofas, 
carpets  and  pillows  within  22  houses  by  vacuuming  an  18  square  inch  area  of  the 
substrate  for  1  minute.  Population  numbers  were  calculated  on  a  per  gram  of 
dust  basis.  All  houses  were  found  to  have  dust  mites,  with  D.  far inae 
approximately  2  1/2  times  more  abundant  than  pteronyssinus .  Compared  to 
studies  in  Europe  and  other  parts  of  the  U.S.A.,  houses  in  the  Williamsburg 
area  have  large  populations  of  dust  mites,  with  two  samples  from  beds  yielding 
over  14,000  mites  per  gram  of  dust.  Beds  and  sofas  (means  of  4408  and  4580 
respectively)  had  the  highest  population  numbers  and  were  not  significantly 
different.  Carpets  (mean  of  1482)  and  pillows  (mean  of  471)  had  fewer  mites 
and  were  significantly  different  from  each  other  as  well  as  from  beds  and 
sofas.  Few  associations  could  be  made  between  environmental  conditions  within 
a  house  and  the  numbers  of  mites  present. 

THE  COASTAL  TIGER  BEETLE,  CICINDELA  DORSALIS  SAY,  A  POSSIBLE  ENDANGERED  SPECIES 
IN  VIRGINIA,  C.  B.  Knlsley  and  Jennifer  I  Luebke* .  Dept,  of  Biology,  Ran- 
dolph-Macon  College,  Ashland,  VA  23005.  Four  subspecies  of  dorsalis  have 
recently  been  recognized.  These  range  from  south  Texas  to  the  northeastern 
coast  in  sandy  beach  habitats.  We  studied  the  distribution,  abundance,  and 
seasonal  acitivlty  of  the  northern  subspecies,  d.  dorsalis ,  in  Virginia.  Its 

presence  in  8  of  2h  sites  surveyed  was  positively  correlated  with  beach  expo¬ 
sure,  back  beach  vegetation,  and  several  other  parameters.  At  only  three  sites 
was  there  evidence  of  breeding  populations.  Adults  were  active  from  mid-June 
to  late  August,  and  spent  most  of  their  time  foraging  in  the  intertidal  area. 
Burrows  of  first  instar  larvae  were  found  in  late  August  just  above  the  high 
tide  zone.  Larval  activity  continued  through  the  fall  and  the  following  spring 
and  summer  with  nearly  two  years  apparently  required  until  adult  emergence. 
Preliminary  breeding  experiments  and  analysis  of  morphological  characters  sug¬ 
gest  that  _C.  d.  dorsalis  is  probably  reproductively  Isolated  and  a  separate 
species  from  _C.  d.  media  whose  range  overlaps  and  which  occurs  abundantly  on 
the  barrier  island  beaches.  _d.  dorsalis  has  been  apparently  exterminated 
from  most  of  its  previous  range  and  currently  exists  only  in  several  sites  in 
t]ie  Chesapeake  Bay  region. 

THE  EFFECT  OF  WINTER  FOOD  SUPPLEMENTATION  ON  BODY  CONDITION  AND  REPRODUCTION 
OF  PINE  VOLES  IN  AN  APPLE  ORCHARD.  S.  L.  MacPherson  and  R.  L.  Kirkpatrick, 
Dept,  of  Fisheries  &  Wild!.  Sciences,  VPI  &  SU,  Blacksburg,  VA.  24061. 

Purina  rabbit  chow  pellets  were  made  available  to  pine  voles  in  an  apple 
orchard  near  Roanoke,  Virginia  during  Winter,  1983.  The  orchard  was  divided 
into  supplemented  and  nonsupplemented  grids  and  voles  were  snap  trapped  at 
the  end  of  the  study.  Supplementation  resulted  in  higher  body  weights  in 
both  sexes,  heavier  seminal  vesicles  in  adult  males,  higher  uterine  and 
paired  ovarian  weights  in  adult  nonpregnant  nonlactating  females,  a  higher 
percentage  of  lactating  females,  a  higher  percentage  of  pregnant  females,  and 
larger  litter  sizes.  However,  body  fat  levels  were  not  affected. 
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DIGESTIBILITIES  OF  PINE  VOLE  DIETS  IN  DIFFERENT  ORCHARD  HABITAT  TYPES. 

S.  j-.  MacPherson ,  F.  A.  Servello,  and  R.  L.  Kirkpatrick,  Dept,  of  Fisheries  & 
Wildl.  Sciences,  VPI  &  SU,  Blacksburg,  Va.  24061.  Digestibility  values  of 
the  diets  of  pine  voles  trapped  bimonthly  for  a  year  in  four  different 
orchard  habitat  types  were  determined  using  chemical  analyses  of  stomach 
contents  and  regression  equations.  Mean  digestible  dry  matter  and  digestible 
energy  values  varied  from  55  to  72%  and  60  to  73%,  respectively,  in  the  four 
orchards  sampled;  however,  no  consistent  seasonal  patterns  existed  in  these 
variations.  Also,  the  differences  in  seasonal  diet  digestibility  were  not 
as  great  as  one  might  expect  considering  the  large  variation  in  forage  quantity 
and  quality  throughout  a  yearly  period. 

THE  MICROARCHITECTURE  OF  THE  SIX  ABDOMINAL  GANGLION  OF  THE  SOUTH  AMERICAN  COCK¬ 
ROACH,  BLABERUS  GIGANTEUS.  Vivian  Mah^  Virginia  Tipton,  Patrick  Mikesell,  and 
Lisa  Gross,  Dept.  o£  Biology,  Radfoi^Univ, ,  Radford,  VA  24142.  Preliminary 
investigation  of  the  microarchitecture  of  the  six  abdominal  ganglion  (A6)  of 
the  South  American  cockroach  were  conducted.  The  morphology  of  the  giant  inter- 
neurons  (GIs),  their  axons,  and  their  dendritic  fields  were  visulized  by  cobalt 
back-filling  followed  by  silver  intensification.  TTiole  mounts  and  serial  sec¬ 
tions  of  the  cobalt  stained  A6  ganglion  were  studied  and  compared  with  that  of 
the  American  cockroach,  Periplanita  americana.  In  the  American  cockroach,  the 
GIs  are  thought  to  meditate  these  animals  escape  behavior  in  response  to  wind 
puff  stimulation  received  through  the  sensory  hair  of  the  cerci.  V/e  have  dis¬ 
covered  that  B.  giganteus  do  not  exibit  such  escape  behavior  when  subjected  to 
wind  puff.  Cobalt  back-filling  of  the  cereal  nerve  revealed  some  giant  neurons 
and  some  smaller  neurons  as  well  as  straight  through  fibers.  (Supported  by 
VAS  small  Research  Project  Grant  and  The  Radford  University  Foundation). 

HOME  RANGE  INSTABILITY  AND  OVERLAP  IN  RICE  RATS.  Mark  Maly  &  Jack  A. 

Cranford,  Dept,  of  Biol.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va. 
24061.  In  order  to  evaluate  seasonal  changes  in  small  mammal  populations  in 
response  to  resource  variation,  live-trapping  has  been  conducted  bimonthly  since 
August  1983  in  salt  marsh  habitat  on  Assateague  Island,  Va.  During  fall,  high 
turnover  of  individuals  was  observed  among  rice  rats  (Oryzomys  palus tris)  along 
a  man-made  tidal  creek.  In  winter,  low  rates  of  individual  turnover  were  ob¬ 
served.  These  seasons  corresponded  to  periods  of  increasing  and  decreasing 
fruit  and  seed  resource  availability,  respectively.  The  number  of  individuals 
trapped  was  significantly  correlated  (p-0.02)  with  the  natural  logarithm  of 
estimated  fruit  and  seed  resources.  Fluctuations  in  rice  rat  numbers  resulted 
from  changes  in  both  mean  home  range  length  and  mean  home  range  overlap.  Mean 
home  range  length  and  overlap  appeared  to  have  tracked  resource  availability 
changes,  which  resulted  in  the  correlation  between  the  number  of  individuals 
and  estimated  resources.  In  general,  home  range  length  and  overlap  decreased 
with  increasing  resource  availability  and  increased  as  resources  became  scarce, 
although  there  was  a  consistent  time  lag  in  these  relationships. 

COLONIZATION  OF  TEMPORARY  ARTIFICIAL  BODIES  OF  WATER  BY  PROTOZOA.  Paul  V. 
McCormick,  J.  R.  Pratt^,  and  J.  Cairns,  Jr.,  Dept,  of  Biology  and  Ctr.  for 
Environmental  Studies,  VPI  &  SU,  Blacksburg,  Va.  24061.  This  study  explored  the 
role  of  a  vernal  pond  as  a  source  of  nrotozoan  species  for  the  colonization  of 
aerial  traps  placed  at  10,  32,  and  100m  from  the  water  body.  The  traps  and  the 
pond  were  sampled  over  a  one  month  period  and  the  species  of  Protozoa  in  each 
were  enumerated.  Colonization  of  the  three  traps  based  on  the  MacArthur-Wilson 
equilibrium  model  showed  a  longer  period  of  species  accrual  for  the  10m  trap  and 
a  decline  in  species  number  after  an  initial  increase  for  more  distant  trans. 
There  was  a  significant  distance  ef f ect  (p<0 . 05 ,  Friedman's  S);  the  rate  of  proto¬ 
zoan  colonization  decreased  with  increasing  distance  from  the  pond.  Similarities 
between  the  protozoan  faunas  of  the  traps  and  the  pond  was  greatest  for  the  10m 
trap  which  contained  several  ciliates  absent  from  the  other  traps.  These  results 
suggest  that  proximity  to  other  water  bodies  is  very  important  in  the  dispersal 
of  microbial  species  to  isolated  aquatic  systems. 
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FEMALE  REPRODUCTIVE  CYCLES  IN  SYNTOPIC  POPULATIONS  OF  THE  FRESHWATER  TURTLES 
CHRYSEMYS  PICTA  AND  STERNOTHERUS  ODORATUS  IN  CENTRAL  VIRGINIA.  Joseph  C^ 

Mi tche1 1 ,  Dept,  of  Biol.,  Univ.  of  Richmond,  Richmond,  VA  23173.  Female 
reproductive  cycles  were  studied  over  a  2-yr.  period  in  populations  of  painted 
turtles,  C.  picta,  and  stinkpots,  S.  odoratus,  in  a  central  Virginia  lake. 
Phenology  of  the  ovarian  cycles  was  similar  between  years  within  species,  as 
well  as  between  species,  with  three  exceptions.  C.  picta  females  exhibited  a 
quiescent  period  of  follicle  growth  of  2~3  wks  after  the  egg-laying  season.  S . 
odoratus  females  exhibited  a  short  to  nonexistent  quiescent  period.  Oviductal 
eggs  were  found  in  C.  picta  mid -May  to  mid-July  and  in  S .  odoratus  mid-Apri 1 
to  mid-July.  Most  follicle  growth  was  completed  by  winter  brumation  in  S. 
odoratus ,  b,ut  not  until  early  May  in  C .  picta.  Mean  clutch  size  was  4.2  for  C. 
picta  and  3.2  for  S.  odoratus .  There  were  no  significant  differences  between 
years  within  species.  Clutch  size  and  egg  width  were  positively  correlated 
with  female  size.  Age  at  maturity  was  6  for  C .  picta  and  4  for  S .  odoratus. 

A  COMPARISON  OF  THREE  ASYMPTOTIC  EQUATIONS  FOR  DESCRIBING  GROWTH  OF  FRESHWATER 
MUSSELS.  Steven  N.  Moyer,  R.  J.  Neves,  and  M.  Stinson*.  Deot.  of  Fish.  & 

Wildl.  Sci.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061.  Age 
and  growth  characteristics  of  freshwater  mussels  have  been  determined  almost 
exclusively  from  external  growth  rings  or  annuli  on  shells.  However,  this  meth¬ 
od  provides  only  approximate  ages  for  this  faunal  group  because  of  shell  erosion 
and  extraneous  ring  formation.  A  new  thin-sectioning  technique  for  ageing 
shells  was  recently  developed  and  used  in  this  study  to  (1)  determine  whether 
three  asymptotic  equations,  the  von  Bertalanffy,  Gompertz  and  logistic,  would 
describe  species  growth,  and  (2)  determine  the  equation  providing  the  best  fit 
to  1 ength-at-age  measurements.  Age  and  growth  data  were  obtained  from  three 
common  species,  PI eurobema  ovi forme,  Vi  1 losa  vanuxemi  and  Medionidus  conradicus , 
and  two  endangered  species,  Fusconaia  edgariana  and  Fusconaia  cuneol us  for  anal¬ 
ysis.  A  sample  of  30  to  80  shells  from  each  species,  spanning  their  respective 
size  ranges,  was  measured  for  shell  length  and  aged  with  the  thin-sectioning 
technique.  Growth  rates  were  then  determined  and  fitted  to  the  asymptotic 
equations.  All  five  species  were  long-lived  (maximum  ages  of  22  to  56  years) 
and  displayed  growth  patterns  which  fit  the  asymptotic  equations.  The  von 
Bertalanffy  equation  generally  provided  the  best  fit  for  most  of  the  species. 

AGING  TECHNIQUES  AND  POPULATION  CHARACTERISITICS  OF  VIRGINIA  MINK.  Martin  C. 
Oqle,  Patrick  F.  Scanlon,  Roy  L.  Kirkpatrick,  and  Alan  G.  Clark,  Dept,  of 
Fisheries  and  Wildl.  Sci.,  VPI  &  SU,  Blacksburg,  VA  24061.  Mink  (Mustela 
vison)  trapped  in  Va.  during  1983  were  aged  using  bacula,  femurs,  radiographs 
of  canine  teeth,  and  tooth  cementum  annuli.  The  first  methods  showed  confusing 
characteristics  in  many  samples,  due  to  transition  from  juvenile  to  adult 
characteristics  during  or  just  prior  to  the  winter  trapping  season.  A 
systematic  method  of  aging  winter  trapped  mink  was  suggested:  conservative  use 
of  radiographs,  bacula  and/or  femurs  (in  that  order)  reduces  the  number  of 
samples  requiring  tooth  sectioning.  Approximately  60%  of  mink  were  juveniles. 
Age  specific  survival  rate  was  low  (0.292)  for  juveniles,  increased  for 
2  year-olds  (0.719)  and  declined  quickly  in  older  mink.  The  rate  of  population 
turnover  appears  to  be  3-4  years.  The  male  to  female  ratio  was  approximately 
3:1  and  may  have  been  due  to  a  selectivity  in  trapping.  (Supported  by  the 
Virginia  Commission  of  Game  and  Inland  Fisheries). 
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HEAVY  METAL  CONCENTRATIONS  IN  VIRGINIA  MINK.  Martin  C.  Ogle,  Patrick  F. 

Scanlon ,  and  Roy  U  Kirkpatrick,  Dept,  of  Fisheries  and  Wild!.  Sci . ,  VPI  &  SU, 
Blacksburg,  VA  24061.  Heavy  metal  (Pb,  Cd,  Zn,  Cu)  concentrations  were 
measured  in  mink  (Mustela  vi son)  taken  by  trappers  in  seasons  from  1981-83  in 
Virginia.  Pb  was  detectable  (>1  ug/g  d.w.)  in  approximately  50%  of  bones  and 
<10%  of  liver  and  kidney  samples.  Mean  detectable  bone  Pb  was  2.90  and  2.48 
ug/g  d.w.  in  1981-82  and  1982-83,  respectively.  Cd  exceeded  0.1  ug/g  d.w. 
in  all  kidney  samples;  means  were  1.21  and  1.02  ug/g  d.w.  in  1981-82  and 
1982-83,  respectively.  Pb  and  Cd  accumulated  significantly  (p  <.05)  with 
age.  Cd  concentrations  were  significantly  (p  <.05)  higher  in  southwestern 
Virginia  than  in  other  areas.  Zn  and  Cu  concentrations  appeared  to  be 
within  normal  ranges  and  did  not  indicate  contamination.  (Supported  by  the 
Virginia  Commission  of  Game  and  Inland  Fisheries). 

PREGNANCY  FAILURE  IN  PEROMYSCUS  MANICULATUS  BAIRDII :  INFLUENCE  OF  POST¬ 
INSEMINATION  LATENCY  IN  EXPOSURE  OF  THE  FEMALE  TO  THE  STRANGE  MALE. 

T.  R.  O’Keefe,  L.  C.  Pinkston,  and  C.  R.  Terman,  Lab.  of  Endocrinology  and 
Population  Ecology,  Biology  Dept.,  College  of  William  and  Mary,  Williamsburg,  Va. 
23185.  Female  prairie  deermice  were  removed  from  their  mates  and  placed  with  a 
strange  male  in  his  cage  1,  6,  12,  or  17  days  after  insemination.  Control  fe¬ 
males  were  moved  with  their  mates  to  clean  cages  at  the  same  interval  post¬ 
insemination.  Females  placed  with  strange  males  on  day  1  and  their  controls 
were  killed  on  day  11  post-insemination.  Females  in  other  treatments  and  their 
controls  were  killed  five  days  after  moving.  The  frequency  of  pregnancy  failure 
in  each  treatment  and  control  group  was  noted  and  the  mean  embryo  weight  per 
gravidum  was  determined.  Significantly  fewer  pregnancies  occurred  among  females 
placed  with  strange  males  on  day  one  post-insemination  than  occurred  in  control 
females  or  females  in  any  other  treatment  (P  <  .05).  The  presence  of  the  strange 
male  reduced  the  pregancy  rate  in  only  the  day  one  group.  The  strange  male  did 
not  consistently  affect  the  mean  fetal  weights  of  the  gravida  of  the  experimental 
females.  Thus,  the  strange  male  effect  was  demonstrated  only  on  day  one  post¬ 
insemination  and  not  thereafter. 

BATS  OF  THE  DISMAL  3^ AMP  REGION.  Thomas  ^  Padgett'and  Robert  K.  Rose,  Dept, 
of  Biol.  Sci.,  Old  Dominion  University,  Norfolk,  VA  23508. 

Of  the  ten  species  of  bats  that  possibly  could  occur  in  the  Dismal  Swamp 
(Handley,  1979),  half  have  never  been  collected  there  or  are  unknown  from 
southeastern  Virginia  in  this  century.  Since  October  1983,  we  have  been 
sampling  bats  throughout  the  Swamp,  and  have  taken  seven  species  in  five  genera 
(but  no  Myotis ) .  Red  bats,  collected  during  every  month,  showed  a  pattern  of 
emerging  after  sundown  during  winter  and  before  sundown  in  spring  and  autumn. 

They  have  been  found  throughout  the  Swamp  in  a  range  of  habitats.  Silver-haired 
bats  and  evening  bats  were  next  in  abundance.  As  expected,  the  bat  fauna  is 
dominated  by  tree-  and  hole-roosting  species,  with  some  migratory  species. 

THE  SHREWS  OF  VIRGINIA:  A  PROGRESS  REPORT.  John  F.  Pagels,  Dept,  of  Biology, 

Va.  Commonwealth  Univ. ,  Richmond,  VA  23284.  This  statewide  effort  on  tte shrews 
of  Virginia  involves  library,  museum  and  field  studies;  the  goals  of  which  are 
to  increase  our  understanding  of  the  systematic,  ecological  and  zoogeographical 
relationships  of  shrews.  In  the  first  year,  pitfall  traps  have  been  placed  in 
26  counties  at  113  sites  in  areas  that  were  identified  as  critical.  Approximate^ 
1500  specimens  of  shrews  have  been  examined  in  collections,  including  certain 
misidentified  specimens  that  provided  interesting  *’new"  locality  records. 

Since  July  1983  Blarina  brevicauda  has  been  collected  at  64  sites, 

carolinensis  at  15,  Crypt ot is  parva  at  l6,  Sorex  longirostris  at  25, 

§-•  cinereus  at  13,  fumeus  at  12  and  hoyi  at  four  localities.  Distribution 
gaps  that  have  been  filled,  a  new  non-pitfall  sampling  method  and  other  factors 
will  be  discussed.  (Supported  by  the  VCU  College  of  H&S  Scholarly  Leave  Pro¬ 
gram  and  the  Game  and  Inland  Fisheries  Commission  Nongame  Program) . 
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THE  MATING  CALL  AND  DISTRIBUTION  OF  HYU  CHRYSOSCELIS  AND  H.  VERSICOLOR  IN 
VIRGINIA.  Chri stopher  A.  Pague,  Dept,  of  Biol.  Sci.,  Old  Dominion  Univ., 
Norfolk,  Va.  23508,  &  Joseph  C.  Mitchell,  Dept,  of  Biol.,  Univ.  of  Richmond, 
Richmond,  Va.  23173,  &  Richard  L.  Hoffman,  Dept,  of  Biol.,  Radford  Univ., 
Radford,  Va.  24142.  Analysis  of  the  vocalizations  of  H.  chrysoscel i s  and 
H.  versicolor  revealed  nonoverlapping  pulse  rates.  Results  allowed  the  mapping 
of  the  range  of  each  species  throughout  Virginia.  The  tetraploid  H.  versicolor 
inhabits  the  Piedmont,  Blue  Ridge,  Great  Valley,  and  the  northwest  Ridge  and 
Valley  provinces.  Hyl a  chrysoscel i s  occurs  al  lopatrical ly  throughout  the 
Coastal  Plain  and  the  Tennessee  Valley  of  southwest  Virginia.  A  broad  zone  of 
sympatry  occurs  in  the  south-central  Piedmont.  Recordings  showed  a  significant 
difference  in  pulse  rate  between  sympatric  and  allopatric  populations  and 
between  populations  of  H.  chrysoscel i s  in  eastern  and  southwestern  Virginia. 
[Funds  for  this  project  were  provided  by  a  grant  from  the  Virginia  Academy  of 
Science  and  a  grant  to  Joseph  Mitchell  from  the  Virginia  Commission  of  Game 
and  Inland  Fisheries.] 

SEASONAL  VARIATIONS  IN  SPECIES  COMPOSITION  OF  SIPHONAPTERAN  PARASITE  POPULATIONS 
ON  SOUTHERN  FLYING  SQUIRRELS  Glaucomys  volans  IN  VIRGINIA.  H.  F.  Painter,  R.  P. 
Eckerlin,  Nat.  Sci.  Div.,  Northern  Va.  Cmty.  Col.,  Annandale,  VA  22003  and  D.  E. 
Sonenshine,  Dept,  of  Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  VA  23508. 

Between  1972  and  1975,  a  large  number  of  fleas  was  collected  in  Caroline  and 
Hanover  Counties  in  the  Virginia  piedmont.  In  this  collection  were  7215  fleas 
taken  from  G,  volans  which  were  captured  while  in  their  nest  boxes.  There 
were  four  species  in  this  group:  7080  Orchopeas  howardii $  64  Conorhinopsylla 
Stanford! t  41  Epitedia  faceta*  and  30  Orchopeas  leucopus,  C.  Stanford!  and 
E.  facets  are  reported  from  Virginia  for  the  first  time.  0,  howard!!  was  found 
to  be  present  as  the  predominant  flea  all  year,  with  C.  Stanford!  present  from 
October  through  February,  E,  facets  from  November  through  March  and  0.  leucopus 
from  October  through  March,  Oplsodasys  pseudarctomys ,  a  flea  previously  found 
to  be  a  major  parasite  on  the  flying  squirrel  in  other  studies  was  not  present 
in  this  collection. 

THE  EFFECTS  OF  EXTERNAL  SODIUM  AND  AMMONIUM  ON  AMMONIA  EXCRETION  IN  THE  BLUE 
CRAB,  CALLINECTES  SAFI DUS,  John  Ricci,  sponsored  by  Charlotte  P,  Mangum,  Dept, 
of  Biol,,  Col,  of  William  and  Mary,  Williamsburg,  Va,  23185.  Freshwater  adapted 
blue  crabs  placed  in  ion-free  water  for  7  sequential  1  hour  baths  showed  a  mean 
rate  of* ammonia  excretion  of  0,82  +  ,07  S.E,  uM  NH^+/gram  wet  wgt,  x  hour  for 
the  first  hour,  decreasing  by  40-45  %  after  7  hours,  (N=13),  This  initial  rate 
was  about  4  times  the  rate  seen  in  crabs  in  full  strength  seawater.  This  result 
suggests  that  ammonia  excretion  in  these  crabs  is  occurring  by  passive  diffusion 
and  not  active  processes.  Other  crabs  were  placed  in  seawater  with  10  raM  NH^^Cl 
added  and  half  of  these  doubled  their  rates  of  ammonia  excretion,  while  the 
other  half  showed  a  net  absorption  of  ammonia.  During  exposure  to  high  NH4CI, 
this  group  showed  a  significant  increase  (+4I  %)  in  total  blood  ammonia,  and  no 
significant  change  in  blood  pH,  This  suggests  that  some  of  the  change  in  blood 
immonia  is  due  to  a  diminished  rate  of  NH4+  excretion,  and  not  inward  NH^  dif¬ 
fusion,  but  the  lack  of  a  consistent  change  in  the  rate  of  ammonia  excretion  in 
bhis  group  prevents  a  final  conclusion  on  active  vs,  passive  ammonia  excretion, 

HOMING  AND  ECOLOGY  IN  THE  SOUTHERN  FLYING  SQUIRREL,  GLAUCOMYS  VOLANS .  Sherry 
Sawyer*  and  Robert  K.  Rose,  Dept,  of  Biological  Sciences,  Old  Dominion  Univer¬ 
sity,  Norfolk,  VA  23508. 

A  population  of  the  southern  flying  squirrel,  Glaucomys  volans ,  in  southeastern 
Virginia  was  examined  for  its  homing  ability.  Nest  boxes  placed  in  a  mature 
oak-hickory  forest  were  used  to  capture  the  experimental  animals  and  to  evalu¬ 
ate  homing.  Squirrels  returned  home  with  high  frequency  from  distances  up  to 
1000  m.  There  was  a  significant  association  between  low  temperature  and  large 
size  of  the  aggregations  of  huddling  squirrels  in  the  nest  boxes.  Holes  used 
as  feeding  stations  were  never  converted  to  primary  nests. 
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EVALUATION  OF  TWO  BODY  FAT  INDICES  FOR  RUFFED  GROUSE.  A.  Servello  and  R.  L. 
Kirkpatrick,  Dept,  of  Fish.  &  Wild!.  Sci.,  VPI  &  SU,  Blacksburq,  VA  24061. 
Forty-two  ruffed  grouse  (Bonasa  umbel  1  us)  collected  in  Virginia  during  March  and 
April,  1982  and  1983,  and  20  grouse  collected  in  New  York  or  Virginia  during 
November  and  December,  1981-83  were  used  to  evaluate  wing  fat  (%)  and  gizzard 
fat  (g)  as  indices  of  body  fat  {%)  in  grouse.  Wings  were  removed  mid-way  along 
the  radius-ulna  and  the  fat  attached  to  the  gizzard  was  weighed.  Carcasses  and 
wings  were  lyophilized,  homogenized,  and  analyzed  for  crude  fat.  Wing  fat  was 
correlated  with  body  fat  in  both  spring  (P  =  0.0001,  r  =  0.64)  and  fall  (P  = 
0.045,  r  =  0.45)  collected  grouse.  Gizzard  fat  was  strongly  correlated  with 
body  fat. in  both  spring  (P  ~  0.0001,  r  =  0.80)  and  fall  (P  =  0.0001,  r  =  0.91) 
collected  grouse. 

RELATIONSHIP  BETWEEN  CELL  SOLUBLES,  TOTAL  PHENOLS,  AND  METABOLIZABLE  ENERGY  OF 
RUFFED  GROUSE  DIETS.  £.  A.  Servello,  K.  E.  Webb,  Jr.  and  R.  L.  Kirkpatrick, 
Dept,  of  Fish.  &  Wildl.,  VPI  *&  SU,  Blacksburg,  VA  24061.  The  percent 
metabolizable  energy  (ME)  in  14  diets  fed  to  ruffed  grouse  (Bonasa  umbel  1  us) 
was  determined  in  3-day  metabolism  trials.  Diets  consisted  of  buds,  leaves, 
and  fruits  of  natural  forages  mixed  with  high  and  low  fiber  basal  diets.  Diets 
were  analyzed  by  the  Van  Soest  method  and  for  total  phenols.  There  was  strong, 
positive  relationship  (P  0.0001,  R^  =  0.89)  between  diet  ME  and  the  cell 
soluble  minus  total  phenol  level  of  the  diets.  This  regression  equation 
provided  good  prediction  of  the  ME  of  8  additional  test  diets  that  consisted 
solely  of  mixtures  of  natural  forages  fed  to  grouse  in  a  second  set  of 
metabolism  trials.  The  ME  of  diets  containing  acorns  was  underestimated  by  the 
prediction  equation.  A  correction  factor  based  on  the  acorn  content  {%)  of  the 
diet  was  developed  in  a  third  experiment. 

INTERACTION  OF  BLACK  SUPPRESSOR  MUTATIONS  WITH  BODY  COLOR  MUTATIONS  IN 
DROSOPHILA  MELANOGASTER.  Allen  F.  Sherald,  Biology  Dept.,  George  Mason 
University,  Fairfax,  Va.  22030.  The  recessive,  X-1 inked,  suppressor  of  black 
mutation,  su(b)-0.0.,  normalizes  the  pigmentation  and  cuticle  structure  of 
black  flies  by  restoring  wild  type  levels  of  beta-alanine.  Investigation  of 
its  interaction  with  other  mutations  was  undertaken  to  further  define  its 
genetic  localization  and  relation  to  beta  alanine  metabolism.  The  suppressor 
was  found  to  be  nonallelic  with  silver  as  well  as  suppressor  of  sable,  su(s), 
suggesting  that  it  defines  another  locus  at  the  tip  of  the  X.  Although  su(s) 
does  not  suppress  black,  su(b)  was  found  to  act  as  a  sable  suppressor  sug¬ 
gesting  that  the  sable  phenotype  is  also  the  result  of  a  partial  block  in 
beta-alanine  synthesis.  This,  and  other  observations  to  be  reported,  lend 
support  to  the  hypothesis  that  su(b)  produces  a  lesion  in  beta-alanine 
catabol ism. 

PREDATOR-PREY  SIZE  RELATIONSHIPS  IN  THE  SALAMANDER  PLETHODON  JORDAN  I. 

James  A.  Taylor*  and  Joseph  C.  Mitchell,  Dept,  of  Biol.,  Univ.  of  Richmond, 
Richmond,  VA  23173.  A  large  sample  of  Plethodon  jordani  was  collected  from 
a  single  site  North  Carolina  during  the  evening  of  27  May  1978.  Prey 
diversity  and  predator-prey  size  relationships  are  described  for  this  sample 
and  compared  with  results  of  a  previous  study  which  sampled  P.  jordani  from 
several  sites  over  a  4-year  period.  Prey  diversity  (H)  for  the  single  1978 
sample  was  similar  to  the  diversity  found  in  the  wider  collected  sample. 
Numerically,  millipedes  were  the  most  abundant  prey  in  both  samples.  The  1978 
sample  differed  by  containing  more  lepidoptera  larvae  and  collembola,  but  fewer 
ants.  Unlike  the  results  in  the  previous  study,  prey  size  was  positively 
correlated  with  predator  size.  Coefficients  of  determination  (r'^),  however, 
indicated  that  linear  regression  equations  explained  20%  or  less  of  the  varia¬ 
tion  in  log-prey  size. 
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PARENTAL  BEHAVIOR  OF  THE  SOUTH  AMERICAN  PUNARE  (THRICHOMYS  APEREOIDES) .  Katerina 
V.  Thompson  &  J.  A.  Cranford,  Biol.  Dept.,  Va.  Polytechnic  Inst'.  &  State  UnivT, 
Blacksburg,  Va.  24061.  The  parental  behavior  of  the  South  American  punare 
(Thrichomys  apereoides)  was  studied  to  examine  behavioral  adaptations  associated 
with  the  bearing  of  highly  precocial  young.  Eight  litters  with  both  parents 
present  were  observed  from  birth  until  eight  weeks  of  age.  The  frequency  of  14 
parental  behaviors  and  the  duration  of  huddling  bouts  were  recorded.  Body  nosing 
was  the  predominant  social  behavior  exhibited  by  parents  of  both  sexes,  while 
grooming  and  retrieval  of  young  were  absent  or  relatively  infrequent.  Maternal 
behaviors  were  most  frequent  immediately  after  birth  and  declined  rapidly  there¬ 
after.  Paternal  behaviors  tended  to  stay  constant  or  increase  as  the  juveniles 
matured.  There  was  no  consistent  parental  preference  for  juveniles  of  one  sex. 
These  results  support  observations  in  related  species  that  males  are  actively 
involved  in  offspring  care,  and  that  parental  behaviors  tend  to  be  associated 
with  maintaining  social  bonds  rather  than  providing  direct  care. 

EVIDENCE  OF  MOVEMENT  OF  A  MATERNITY  COLONY  OF  PLECOTUS  TOWNSENDII 
VIRGIN lANUS  THROUGHOUT  THE  SUMMER.  Virginia  M.  Tipton.  Dept,  of  Biol., 

Radford  Univ.,  Radford,  VA.  24142.  A  maternity  cave  was  monitored  every 
weekend  in  1983  from  mid-March  through  early  October.  The  bats  began  arriving 
in  mid-March  in  small  numbers  and  occupied  the  entrance  areas  of  the  passages. 
During  the  rest  of  March  and  through  the  middle  of  April,  they  were  in  torpor 
in  the  late  afternoon.  However,  at  the  end  of  April,  they  moved  to  the 
"maternity  site”  and  were  awake  and  active  during  the  daytime.  It  was  a 
surprise  to  later  discover  the  bats  in  locations  other  than  the  "maternity 
site”  during  the  latter  part  of  May,  the  entire  month  of  June,  and  the 
beginning  of  July.  They  were  wide  awake  during  the  daylight  hours  when  they 
were  checked  In  these  other  locations  in  the  side  passages.  By  the  end  of 
July,  the  bats  had  moved  from  the  side  passages  and  back  into  the  main  part  of 
the  cave  again.  They  did  not  occupy  the  side  passages  for  the  rest  of  the 
season  through  October  8. 

TECHNIQUES  FOR  OBSERVING  A  SUMMER  COLONY  OF  BATS;  USE  OF  VIDEO  EQUIPMENT. 

David  C.  Derowitsch*,  Dept,  of  Math.,  Comp.  Sci,  Stat.,  &  Virginia  M.  Tipton, 
Dept,  of  Biol.,  Radford  Univ.,  Radford,  VA.  24142.  A  system  for  the  remote 
monitoring  and  recording  of  nocturnal  animals  has  been  developed.  Portable 
Infrared  light  sources  are  used  for  scene  illumination  which  is  then  detected 
with  an  infrared-sensitive  image  intensifying  tube.  The  intenslfier  output  is 
fed  into  a  video  camera  which  is  subsequently  recorded  on  video  tape.  The 
entire  system,  excepting  the  light  sources,  will  run  for  14  continuous  hours 
directly  from  a  suitable  12V  source.  The  image  intenslfier,  video  camera,  and 
associated  optics  are  remotely  controlled.  (In  cooperation  with  the  Va.  Comm, 
of  Game  &  Inland  Fisheries) 

Pregnancy  Block  and  Effects  of  Stranger  Male  Urine  on  Pregnancy  in  Female  White¬ 
footed  Mice  (Peromyscus  leucopus  noveboracensis) .  D.  A.  Utt ,  Jr. ,  and  C.  R. 
Terman,  Lab.  of  Endocrinology  and  Population  Ecology,  Biology  Dept.,  College  of 
William  and  Mary,  Williamsburg,  Va.  23185.  Vaginal  smears  were  taken  from  female 
white-footed  mice  and  upon  evidence  of  insemination  the  mice  were  placed  in  con¬ 
tact  with  a  stud  and/or  a  stranger  male.  Pregnancy  rates  in  all  conditions  were 
very  low.  Eighty-six  percent  of  all  inseminations  occurred  within  72  hours  of 
pairing.  The  effects  of  the  smearing  technique  on  pregnancy  rate  were  tested  by 
smearing,  handling  with  no  smear,  and  leaving  an  undisturbed  control  group. 
Pregnancy  rates  were  low  in  all  groups.  Physical  contact  with  a  stranger  male 
was  shown  to  cause  pregnancy  block,  even  with  the  stud  male  present  (P^.05). 
Separation  of  females  from  stud  and/or  stranger  males  by  a  wire  mesh  divider 
showed  low  pregnancy  rates  in  all  groups.  Females  treated  with  shavings  soiled 
by  stud  and/or  stranger  males,  and  females  kept  in  cages  painted  with  the  urine 
of  stud  and/or  stranger  males,  showed  low  pregnancy  rates  in  all  groups. 
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THE  INFLUENCE  OF  FEMALE  PRESENCE  OR  URINE  ON  AGGRESSIVE  BEHAVIOR  IN  MALE  PRAIRIE 
DEERMICE  (PEROMYSCUS  MANICULATUS  BAIRDII) ,  Paul  J.  Bushmann  and  C.  Richard 
Terman,  Lab.  of  Endocrinology  and  Population  Ecology,  Biology  Dept.,  Col.  of 
William  and  Mary,  Williamsburg,  VA  23185.  Adult  male  prairie  deermice  housed 
from  weaning  (21  d)  with  sibling  males  were  paired  with  females  and  placed  as 
individual  pairs  in  single  compartments  of  standard  two -compartment  opaque 
plastic  cages.  Two  or  three  days  later,  the  males  from  two  pairs  were  placed  in 
a  neutral  arena  under  one  of  the  following  conditions: 

1.  Their  female  associates  present. 

2.  One  of  the  two  associated  females  present. 

3.  The  urine  of  the  two  associated  females  painted  in  the  arena. 

4.  The  urine  of  one  of  the  two  associated  females  painted  in  the  arena. 

5.  Neither  urine  nor  females  present. 

Aggression  was  recorded  during  the  subsequent  0.5  h.  A  second  encounter  between 
the  same  males  under  identical  conditions  took  place  24  h  after  the  first. 

There  were  no  significant  differences  between  encounter  situations  in  the 
occurrence  of  aggression.  These  results  differ  from  several  earlier  studies 
and  suggest  that  aggression  in  m.  bairdii  males  is  a  more  complex  phenomenon 
than  previously  thought. 

EFFECTS  OF  SUPPLEMENTAL  FOOD  AND  FLOODING  ON  ARBOREAL  ACTIVITY  IN  DISMAL  SWAMP 
SMALL  MAMIALS.  John  W.  Walke" ,  Dept,  of  Biological  Sciences,  Old  Dominion 
University,  Norfolk,  VA  23508. 

The  activity  levels  of  arboreal  small  mammals  in  the  Dismal  Swamp  were  evaluated 
in  1981  and  1982  using  nest  "boxes”  on  four  1.96  ha  grids.  The  nest  "boxes” 
consisted  of  #10  tin  cans  covered  with  plastic  lids  and  with  a  2.5  cm  opening 
in  the  side.  They  were  attached  to  host  trees  at  0.5  to  1.5m  heights.  The 
nest  cans  were  visited  at  biweekly  and  later  at  weekly  intervals.  Activity  was 
evaluated  using  an  index  ranging  from  the  presence  of  feces,  remnants  of  eaten 
or  stored  food,  nest  construction,  and  the  presence  of  adults  and  their  young. 
Supplemental  food  significantly  increased  the  use  of  the  nest  cans,  even  when 
the  grid  was  flooded.  Flooding  decreased  the  use  of  nest  cans  attached  to 
trees  less  than  31  cm  dbh .  Both  Peromyscus  leucopus  and  Ochrotomys  nuttalli 
used  the  nest  cans  in  the  maple-gum  forest. 

HABITAT  USE  BY  JUVENILE  FRESHWATER  MUSSELS  IN  A  VIRGINIA  STREAM.  J.  C.  Widlak 
and  R.  J.  Neves,  Dept,  of  Fish,  and  Wild!.  Sci . ,  VPI  &  SU,  Blacksburg,  Va. 

24061.  Habitat  and  distribution  of  several  species  of  juvenile  mussels  were 
investigated  in  Bjg  Moccasin  Creek,  Russell  County,  Virginia.  Fifteen  quadrat 
samples  (572.6  cm^)  were  collected  from  each  of  three  habitat  types  (riffle, 
run,  pool)  and  two  microhabitats  (behind  rocks,  along  banks).  The  75  substrate 
samples  were  seived  into  5  particle  size  fractions,  and  substrate  composition 
was  determined  as  percentage  of  total  dry  weight.  Each  fraction  was  examined 
for  juvenile  mussels,  and  analysis  of  variance  was  used  to  test  for  differences 
between  locations  and  densities  of  juveniles,  and  several  physical  variables 
among  habitat  types.  A  total  of  75  juveniles,  ranging  from  0.8-30.3  mm  in 
length,  was  collected.  Densities  behind  rocks  were  higher  than  in  pool  habitat 
(p  =  0.01)  or  along  banks  (p  ^  0.001).  Based  on  these  quantitative  samples, 
it  appears  that  age  0  juveniles  occurred  in  slightly  different  habitats  than 
adults,  but  older  juveniles  occurred  in  habitats  similar  to  those  of  the 
adult  populations. 
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THE  APPLICABILITY  OF  MARK  AND  RECAPTURE  TECHNIQUES  FOR  POPULATION  STUDIES  OF 
TIGER  BEETLES,  Mark  D.  Williams'^ and  C.  B.  Knisdey,  Dept,  of  Biology,  Randolph- 
Macon  College,  Ashland,  VA  23005.  Estimates  of  population  size  of  two  species 
of  tiger  beetles  were  made  in  the  fall  of  1983  using  s-everal  common  capture- 
recapture  techniques.  The  study  area  was  a  disturbed  bareclay  area  surrounded 
by  forest  in  Hanover  County,  VA.  The  Bailey  and  Chapman  methods  gave  the  most 
accurate  estimates  of  population  size  for  both  species-  while  the  seasonal 
changes  were  more  accurately  determined  by  the  Jolly-Seber  method.  Estimates 
for  repanda  were  especially  accurate  with  over  90^  of  the  population  marked. 
The  success  with  this  species  was  due  to  its  localization  within  the  study  area. 
Estimates  were  less  reliable  for  tranquebari ca ,  a  more  mobile  and  dispersed 
species .  Results  of  a  subsequent  sprini(198^)  post-diapause  study  on  the  same 
populations  gave  similar  results  and  by  comparison  with  fall  estimates,  a  de¬ 
termination  of  winter  mortality  could  be  made.  ¥e  concluded  that  an  under¬ 
standing  of  the  behavior  and  natural  history  of  the  organisms  being  surveyed, 
even  when  of  the  same  genus,  is  necessary  for  effective  utilization  of  capture- 
recapture  techniques . 

PROXIMATE  CAUSATION  FOR  IN7RA-AND  INTERSPECIFIC  TERRITORIALITY  IN  PEROMYSCUS 
LEUCOPUS  AND  P.  MANICULATUS.  Jerry  0.  Wolff,  Dept,  of  Biology,  University  of 
Virginia,  Charlottesville,  VA  22901.  Five  hypothesis  were  tested  to 
determine  the  proximate  causation  for  intra-  and  interspecific  territoriality 
in  P.  leucopus  and  P.  maniculatus.  Territory  size  was  not  dependent  on  food 
availability  and  was  only  marginally  negatively  associated  with  density.  Nest 
sites  do  not  appear  to  be  limiting  and  there  is  no  indication  that  mice  are 
jef ending  nest  sites.  The  data  support  a  hypothesis  that  territoriality  is 
Che  result  of  reproductive  competition.  Thus,  males  and  females  are 
territorial  for  different  reasons.  Males  are  defending  exclusive  reproductive 
access  to  one  or  more  females,  and  females  are  territorial  to  prevent 
infanticide  and/or  provide  living  space  for  their  offspring.  For  purposes  of 
interspecific  aggression,  there  is  no  indication  that  these  mice  discriminate 
between  species. 


Botany  Section 

AN  ECOLOGICAL  STUDY  OF  SPRUCE  FORESTS  IN  VIRGINIA.  H.  S.  Adams,  D.  S.  Lancaster 
Cmnty.  Col.,  Clifton  Forge,  VA  2kk22  &  S.  L.  Stephenson,  Dept,  of  Biology, 
Fairmont  State  Col.,  Fairmont,  WV  26554.-  Twenty-four  spruce  (Picea  rubens)  or 
spruce-fir  (Abies  f raseri )  stands  In  western  Virginia  were  Intensively  sampled 
in  1982-83  to  obtain  quantitative  data  on  composition  and  structure  of  all 
strata  of  vegetation.  Stands  ranged  In  age  from  53  to  215  years  (x  -  92  yrs) 
and  occurred  at  elevations  between  983  and  1738  m.  Mean  values  for  basal  area 
and  density  of  trees  (those  exceeding  9«9  cm  DBH)  were  46.1  m^/ha  and  834  stems/ 
ha,  respectively.  Picea  rubens  was  leading  dominant  in  fourteen  stands,  Ab I es 
fraseri  in  five,  Tsuga  canadensis  In  four,  and  Betula  1 utea  in  one.  Number  of 
vascular  plant  species/0.1  ha  varied  from  11  to'TjT^I  th  the  lowest  values 
recorded  for  fir-dominated  stands  at  the  highest  elevations. 

SPRUCE  AND  FIR  DECLINE  IN  UPLAND  FORESTS  OF  VIRGINIA  AND  WEST  VIRGINIA.  H.  S. 
Adams ,  D.  S.  Lancaster  Cmnty.  Col.,  Clifton  Forge,  VA  24422  &  S.  L.  Stephenson, 
Dept,  of  Biology,  Fairmont  State  Col.,  Fairmont,  WV  26554.  Dendroecologi cal 
(tree-ring)  analysis  of  258  increment  growth  cores  collected  from  red  spruce 
(Pi cea  rubens  Sarg.),  balsam  fir  (Ab i es  bal samea  (L. )  Mill.),  and  Fraser  f i r 
(^.  fraseri  (Pursh)  Poir.)  in  central  West  Virginia  and  western  Virginia 
indicates  a  marked  decline  in  growth  rates  during  the  past  20  years  similar  to 
that  reported  for  spruce  and  fir  In  high-elevation  forests  of  the  northern 
Appalachians.  Consequently,  the  problem  of  conifer  decline  in  subalpine  forest 
ecosystems  of  eastern  North  America  is  apparently  more  widespread  than  previ- 
ously  realized.  The  data  presented  suggest  that  decline  in  the  mid-Appalachian 
forests  was  triggered  by  a  period  of  drought  stress  in  the  region  from  1962 
through  1970. 
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THE  EFFECTS  OF  FRUCTOSE,  GLUCOSE  AND  SUCROSE  ON  GLYGOGEN  FORMATION  BY  anABAENA 
AZOLLAE .  £.H.  Adamski*and  J.  E.  Wilson.  Life  Sciences  Department,  Virginia  State 
University,  Petersburg,  VA  23803.  Anabaena  azollae  cells  were  harvested  from  sep¬ 
arate  cultures  at  four  and  seven  days  of  culture.  They  were  grown  under  contin¬ 
uous  light  at  an  intensity  of. 9  w/cm^  at  an  average  temperature  of  27°C.  The 
harvested  cells  were  suspended  in  a  O.OIM  phosphate  buffer  pH  6.8  containing 
650mM  mannitol.  Ten  mg  of  lysoz3nne  were  added  and  the  material  shaken  at  room 
temperature  at  75  rpm  for  one  hour.  The  cells  were  then  frozen  and  thawed.  The 
supernatant  prepared  by  centrifuging  the  suspension  at  3,000  Xg  was  treated 
with  two  volumes  of  95%  ethanol  cooled  to  4°C  to  precipitate  the  glycogen.  The 
amount  of  glycogen  present  was  estimated  by  using  the  iodine  reagent.  Protein 
levels  were  determined  by  the  Lowrey  reagent.  Results  indicate  that  sucrose  at 
four  day’s  time  causes  significantly  greater  production  of  glycogen  than  either 
the  control  or  any  of  the  other  treatments.  At  seven  days  time  glycogen  produc¬ 
tion  is  significantly  less  in  all  treatments  than  at  four  days  time  while  pro¬ 
tein  synthesis  is  significantly  greater.  At  sevenday's  time  the  level  of  glycog- 
gen  per  unit  protein  is  significantly  less  in  sucrose  and  fructose  treated  cells 
than  either  control  or  glucose  treated  cells.  This  may  indicate  that  in  these 

significantly  more  of  the  carbon  available  is  converted  to  protein  than  gly- 

SYSTEMATICS  and  REPRODUCTIVE  ECOLOGY  OF  THE  TRILLIUM  PUSILLUM  COMPLEX  IN  VIR¬ 
GINIA,  Paul  R,  0366"^  Dept,  of  Bio.  ,  Col,  of  William  and  Mary,  Williamsburg,  Va. 
23186.  Trillium  pus ilium  Michaux  occurs  throughout  its  range  as  geographically 
isolated  local  populations  which  exhibit  varying  degrees  of  differentiation. 
Morphologic  data  collected  from  ten  sites  in  the  Coastal  Plain  of  'Virginia  and 
Maryland,  and  two  sites  in  the  mountains  of  western  Virginia  supported  a  revis¬ 
ion  of  the  description  of  pusillum  var.  virginianum  Fernald.  This  data  was 
also  used  in  a  quantitative  analysis  of  the  ranges  of  various  morphologic  char¬ 
acteristics.  Populations  are  quite  variable,  and  many  show  significant  differ¬ 
ences!  however,  none  of  a  magnitude  great  enough  to  merit  varietal  recognition 
of  individual  Coastal  Plain  populations  or  of  the  mountain  populations  were 
found.  Evidence  indicates  that  this  species  is  predominantly  allogamous,  and 
relies  on  a  variety  of  bees  for  pollination.  Myrmecochory , (seed  dispersal  by 
ants)  is  suggested  by  the  characteristic  elaisomes,  and  by  numerous  other  traits. 

LIPID  COMPOSITION  AND  GROWTH  OF  CHLORELLA  SP.  SUBJECTED  TO  POLYETHYLENE  GLYCOL- 
INDUCED  OSMOTIC  STRESS.  Chris  L.~~GoeaTiart*  and  David  M.  Orcutt,  Dept,  of  Plant 
Path.,  Physiol.,  and  Weed  Sci.,  Va.  Tech,  Blacksburg,  Va.  24061.  Liquid  cultures 
O’*"  C.-  vulgaris  were  grown  at  26°C  in  Knop's  solution  with  water  potentials  of  -1, 
-5, -10, -15, -20  bars  using  polyethylene  glycol  (MW=3350)  as  an  osmoticum.  Growth 
was  monitored  measuring  %  transmittance  at  678nm.  Maximum  growth  rate  decreased 
43%  from  2.3  doublings/day  at  -1  bar  to  1.3  doubl ings/day  at  -20  bars.  Lipids 
were  extracted  from  cultures  in  late  log  phase  growth  by  the  method  of  Nichols 
followed  by  a  Folch  wash.  Lipid  classes  were  separated  by  TLC.  Polar  lipids  were 
hydrolyzed  and  liberated  fatty  acids  methylated.  Methyl  esters  of  fatty  acids 
which  were  identified  and  quantified  using  GLC  included  16:0,16:1,16:2,16:3,18:0, 
18:1,18:2,18:3,  and  two  presently  unidentified  fatty  acids.  Total  polar  lipid 
fatty  acids  decreased  67%  when  expressed  on  either  a  ug  fatty  acid/mg  lipid 
basis  or  a  ug  fatty  acid/mg  dry  weight  basis.  No  consistent  changes  in  relative 
concentrations  of  individual  fatty  acids  were  noted. 
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PALYNOLOGY  AND  ITS  RELATIONSHIP  TO  THE  TAXONOMY  OF  AGERATUM  L.  (EUPATORIEAE  - 
ASTERACEAE),  Miles  F.  Johnson,  Dept,  of  Biol.,  Va.  Commonwealth  University, 
Richmond,  VA  2328U.  Age rat urn  (43  species)  occurs  in  Mexico,  Central  and 
South  America.  Age rat urn  conyzoides  is  a  pan-tropic  weed.  Johnson,  in  1971# 
and  King  and  Robinson  in  1972,  studied  the  taxonomy  of  the  genus  using  gross 
morphology,  but  the  palynology  has  not  been  investigated.  Pollen  of  a 
majority  of  species  was  examined  by  SEM  and  TEM.  TEM  reveals  the  Helianthoid 
pattern  of  internal  arrangement  as  well  as  non- caveat e  grains.  Under  SEM, 
pollen  grains  from  section  Ageratum  are  spherical,  have  circular  apertures, 
a  broad  zone  of  tectal  pores  at  the  base  of  echinae  and  between  them,  and 
have  4-5  echinae  paralleling  the  colpus  while  those  from  section  Coeleetina 
are  spherical  and  prolate,  have  circular  and  elongate  apertures,  a  narrow 
zone  of  pores  generally  at  the  base  of  the  echinae  and  have  6-8  echinae 
bordering  the  colpus.  It  is  of  interest  that  double  grains  are  seen  in 
Ageratum  corymbosum  forma  albiflorum  and  in  the  related  taxon,  Stevia  lucida. 

FLAVONOID  SYSTEMATICS  OP  LYCHNQPHQRa,  A  BRAZILIAN  GENUS  OP  THE 
TRIBE  VERNONIEaE  (COMPOSITAE) .  Bruce  L.  King,  Dept,  of  Biol., 
Randolph-Macon  Col,,  Ashland,  Va.  23005.  The  genus  Lychnophora 
is  a  group  of  shrubs  endemic  to  campo  rupestre  habitats  of  the 
Serra  do  Espinhaco  in  the  Brazilian  states  of  Minas  Gerais,  Bahia 
and  Goias.  In  a  comparative  study  of  the  leaf  flavonoids  45 
compounds  were  detected  which  occurred  in  species  specific 
ensembles.  Plavonoid  distribution  in  the  genus  suggests  a 
classical  evolutionary  pattern  of  adaptive  radiation.  (Supported 
by  the  Thomas  F.  Jeffress  and  Kate  Miller  Memorial  Trust, 

Richmond,  Va. ) 

LABORATORY  AND  PIELD  INVESTIGATIONS  OF  MYGOSTASIS  IN  SEAWATER.  P. 
W.  Kirk,  Jr.,  Dept,  of  Biol.  Sol.,  Old  Dominion  Unlv. ,  Norfolk,  Ta. 
2550#,  &  if.  Kohlmeyer*,  Inst,  of  Marine  Sci.,  Univ.  of  North 
Carolina  at  Chapel  Hill,  Morehead  City,  N.C.  28557.  Laboratory  and 
field  methods  for  demonstrating  the  inhibitory  effect  of  seawater 
on  the  germination  of  fungal  spores  were  described.  The  germination 
percentage  is  determined  ^  vitro  on  blocks  of  purified  agar  that 
have  been  infused  with  experimental  and  control  seawater  solutions, 
and  situ  in  the  marine  environment  by  submerging  the  spore 
suspensions  in  dialysis  chambers  of  known  permeability.  The 
results  with  either  method  suggest  that  the  inhibitory  principle  is 
organic,  of  low  molecular  weight,  and  unstable  or  readily 
dissipated,  or  both.  Geofungi  are  the  most  strongly  inhibited, 
whereas  intertidal  (arenicolous )  marine  species  germinate  only 
when  exposed  at  low  tide,  and  subtldal  (lignicolous )  marine  species 
are  uninhibited  even  under  low  nutrient  conditions.  The  field 
investigations  were  supported  by  NSF  grant  DEB  7822783  in 
cooperation  with  R.  V.  Gessner  and  T.  Charles. 

THE  EFFECTS  OF  INORGANIC  AND  ORGANIC  PHOSPHORUS  ON  THE  SURFACE  ACID  PHOSPHATASE 
ACTIVITY  OF  SOME  ARCTIC  ECTOMYCORRHIZAL  FUNGI.  C.J.  Kroehler*  &  A.E.  Linkins, 
Dept,  of  Biol.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  Va.  24061. 
Kinetic  constants  (Vmax  and  Km)  were  determined  for  the  surface  and 
extracellular  soluble  acid  phosphomonoesterases  of  ectomycorrhizal  isolates 
grown  in  liquid  medium  at  different  concentrations  of  inorganic  and  organic 
phosphorus  (KH2PO4  and  inositol  hexaphosphate) .  The  kinetic  constants  for  both 
enzyme  systems,  as  determined  by  Eadi e-Hof stee  data  transformations,  were 
independent  of  concentrations  of  Pi  or  Po  in  the  growth  medium  for  all  isolates 
assayed.  Total  dry  weight  accumulation  did  not  increase  with  increasing 
concentrations  of  P  in  the  growth  medium.  It  appears  that  the  kinetic 
constants  determined  may  represent  constitutive  phosphatases. 
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A  PRELIMINARY  REPORT  ON  FUNGI  ISOLATED  FROM  TINKER  AND  CRAIG'S  CREEKS, VA. 

Philip  C.  Lee,  Jr.,  Dept,  of  Biology,  Roanoke  College,  Salem,  Va.  24153 
Water  samples  from  Tinker  Creek,  Botetourt  County,  Va.,  yielded  the  following 

species;  Dictyuchus  sterile,  Achlya  racemose,  Saprolegnia  sp.,  Chaetomium 
globosum.  Saprolegnia  ferax  had  been  isolated  from  the  site  the  previous 
year.  Water  samples  from  Craig's  Creek,  Craig  County,  Va.,  yielded  the 
following:  Saprolegnia  diclina,  Achy la  sp. 

AqUATIG  HYPHOMTCETBS  IN  TIDEWATER,  VIRGINIA.  Mary  L.  McDonald*. 

&  P.  W.  Kirk,  Jr.,  Dept,  of  Biol.  Sci.,  Old  Dominion  Univ. , 

Norfolk,  Va.  23508.  Aquatic  hyphomycetes,  though  frequently 
associated  with  fast-running  freshwater  streams,  can  be  found  in 
some  Tidewater,  Virginia  areas.  Their  distinctire  conidia  are 
easily  collected  in  the  fall  and  spring  in  foam  and  scum  samples 
taken  on  the  leeward  shores  of  Back  Bay  (brackish  water)  and  Lake 
Drummond  (freshwater),  and  from  spillways  in  The  Great  Dismal 
Swamp.  Alatospora  acuminata .  Anguillospora  longissima. 

ClaTariopsTs  agu^ica,'^  ^agellospora  cuTTula .  Tetraoladii^ 
mardHaH^num,  T.  maxllll^^rm^  f.  se tiger um,  and  unidentified 
spec ies  in~Lemonni' era ' Tr  1  clad ium  and  Tetfaoladium  hare  been  found 
repeatedly.  These  taxa,  for  ihe  most  part,  are  cosmopolitan, 
although  a  few  haTe  a  temperate  range.  Some  hare  also  been 
reported  from  moist  terrestrial  habitats. 

YES,  VIRGINIA,  THERE  IS  A  ROUND-LEAF  BIRCH,  Peter  M,  Mazzeo.  Herbarium,  U.S. 
National  Arboretum,  Washington,  DC  20002.  Betula  uber ,  the  Virginia  round-leaf 
birch,  a  thought-to-be  extinct  birch  species  from  Smyth  County,  Virginia,  was 
rediscovered  in  August  1975.  At  that  time  11  mature  trees  were  located  along 
Cressy  Creek.  In  September  two  additional  trees  were  located,  as  well  as  21 
seedlings  in  an  adjacent  area.  Evidence  of  flowers  and  fruits  also  were 
noticed  for  the  first  time,  thus  indicating  that  the  population  was  fertile. 
Ultimately,  a  few  more  trees  were  located  for  a  total  of  40  specimens  in  the 
liranediate  vicinity  of  the  rediscovery  site.  No  other  specimens  or  locations 
of  this  unusual  birch  have  been  located.  In  1977,  a  committee  of  concerned 
individuals  was  formed  to  study  and  protect  this  unusual  birch.  As  a  result, 
various  studies  have  been  conducted.  Scientists  at  the  National  Arboretum  have 
been  most  concerned  with  the  preservation,  propagation  and  distribution  of  B. 
uber  germplasm,  before  extermination  of  the  remaining  indigenous  specimens. 
Today,  many  of  the  original  trees  are  dead  for  one  reason  or  another.  B.  uber 
was  officially  listed  as  an  endangered  species  in  1978.  A  recovery  plan  out-, 
lining  procedures  for  further  studies,  protection  and  propagation  was  prepared, 
and  in  1982,  approved  by  the  U.S.  Fish  and  Wildlife  Service. 

THE  DIFFERENTIATION  OF  ELEVEN  SPECIES  OF  ENDOTHIA  BY  POLYACRYLAMIDE  GEL  ELEC¬ 
TROPHORESIS.  J.  A.  Micales  and  R.  J.  Stipes,  Dept,  of  Plant  Pathology,  Physiol¬ 
ogy  and  Weed  Science,  VPI  &  SU,  Blacksburg,  VA  24061. 

The  genus  Endothia  is  distributed  world-wide  and  contains  both  plant  patho¬ 
gens  and  saprophytes.  These  fungi  frequently  fail  to  produce  a  perfect  stage, 
and  it  is  therefore  difficult  to  identify  the  different  species.  Polyacryl¬ 
amide  gel  electrophoresis  (PAGE)  was  used  to  determine  whether  individual 
species  could  be  differentiated  by  protein  content.  Soluble  proteins  were 
extracted  from  44  monoconidial  isolates,  representing  11  species  of  Endothia, 
and  electrophoresed  in  a  nondissociating,  discontinuous  PAGE  system.  Similarity 
coefficients  were  calculated  for  each  pair  of  isolates  based  on  the  number  of 
shared  proteins.  A  dendrogram  was  constructed  by  unweighted  pair-group  average 
cluster  analysis  to  demonstrate  relationships  among  the  isolates.  Little 
intraspecific  variation  was  detected  among  isolates  of  ^  gyrosa,  E.  parasitica 
and  ^  viridistroma;  other  species  were  not  as  uniform.  Banding  patterns  of 
E.  radicalis  were  particularly  diverse,  and  these  isolates  were  frequently 
grouped  with  other  species.  Species  with  septate  ascospores  were  not  segre¬ 
gated  from  those  with  nonseptate  ascospores.  These  data  suggest  that  the 
genus  Endothia  is  composed  of  many  biochemically  diverse  organisms. 
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A  CLIFF  FLORA  OF  THE  CLINCH  RIVER  IN  RUSSELL  CO.,  VA.  Douglas  W.  Ogle,  Va. 
Highlands  Cmnty.  Col.,  Abingdon,  Va.  24210.  A  floristic  survey  of  a  cliff 
area  on  the  north  bank  of  the  Clinch  River  in  Russell  Co.,  Va. ,  and  nearby 
forests,  produced  one  hundred  species  of  vascular  plants.  Total  area  surveyed 
was  approximately  .8  hectare  (2  acres).  The  cliff  has  a  south  facing  vertical 
face  48.8  m.  (160  feet)  high  and  several  lesser  faces  (south  or  west  facing) 
with  forests  around  the  periphery  and  occasionally  on  ledges.  Soil  is 
primarily  Clarksville  cherty  steep  loam,  characterized  by  rapid  leaching, 
though  highly  fertile  in  colluvial  areas.  One  of  these  fertile  areas  had  a 
pH  of  7.8,  was  very  high  in  Ca,  Mg  and  organic  matter  with  moderate  amounts 
of  potassium  and  phosphorus.  The  site  had  almost  20  percent  of  the  floristic 
diversity  of  a  similar  site  500  times  larger  surveyed  by  R.  V.  Davis  along 
the  Clinch  River  in  Scott  Co.,  Va.  Local  and/or  interesting  species  for 
Southwest  Virginia  includes  Lithospermum  tuberosum  Rugel,  new  to  the  state, 
Paxistma  canbyi  Gray,  Pellaea  glabella  Mett. ,  Ruellia  purshiana  Fern. ,  Uniola 
latlf olia  Michx. ,  Salvia  urticifolia  L. ,  Dirca  palustris  L.  and  Quercus 
muehlenbergii  Engelm. 

TROPICAL  PHYTOPLANKTON  OFF  GEORGES  BANK.  D.  A.  Randolph* ,  R.  O'Reilly*,  P. 
Zimba*,  and  H.  G.  Marshall,  Dept.  Biological  Sci.,  Old  Dominion  Univ.,  Norfolk, 
Va.  23508.  Based  on  46  stations  along  the  continental  shelf  margin  east  of 
Georges  Bank  in  August  1982,*  a  total  of  25  (9.2%)  tropical  and  subtropical 
phytoplankters  were  part  of  the  273  species  that  occurred  in  the  samples. 

These  were  not  dominant  species  for  the  region,  nor  were  they  types  charac¬ 
teristic  of  high  productivity.  Their  presence  was  associated  with  warm  core 
rings  in  the  vicinity  that  may  also  contain  ubiquitous  species  or  those  with 
distribution  ranges  along  the  US  east  coast  that  may  contribute  more  readily 
to  the  productivity  of  the  outer  shelf.  This  indicates  the  possible  importance 
of  these  rings  to  a  seeding  effect  of  not  only  tropical  and  subtropical  species, 
but  to  ubiquitous  species  into  these  waters  of  potentially  greater  importance 
to  the  regions  productivity.  (Supported  in  part  by  NOAA/NEMP  Ocean  Pulse 
Program. ) 

PHYTOPLANKTON  COMPOSITION  ALONG  THE  OUTER  NORTHEASTERN  CONTINENTAL  SHELF  OF  THE 
UNITED  STATES.  R.  O'Reilly*,  D.  A.  Randolph*,  B.  Wagoner*,  and  H.  G.  Marshall, 
Dept.  Biological  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Based  on  a 
vertical  series  of  collections  to  75  m  across  the  continental  shelf  break,  273 
species  were  identified,  and  the  phytoplankton  distribution  characterized. 

Cell  concentrations  were  greater  on  the  shelf  side,  with  the  cyanobacteria  most 
abundant  and  ubiquitous  (averaging  3-4x10^  cells/1,  or  71%  the  total  count), 
with  diatoms  (16.2%),  coccolithophores  (6.3%),  and  cryptomonads  (2.8%)  followinc 
in  abundance.  The  remaining  groups  represented  less  than  4%  of  the  total  aver¬ 
age  counts.  The  greatest  biomass  was  from  the  diatoms  (averaging  78.4%) ,  and 
was  2.5  X  greater  at  the  shelf  side  compared  to  the  oceanic  side  of  the 
transect.  Greater  biomass  values  were  also  found  at  the  subsurface  depths 
(50-75  m) ,  being  mainly  the  product  of  diatoms.  The  cyanobacteria  concentra¬ 
tions  were  greater  at  the  surface,  with  the  phytoflagellates  more  homogeneously 
distributed.  (Supported  in  part  by  NOAA/NEMP  Ocean  Pulse.) 

COROLLA  CHARACTERS  AND  POLLINATORS  OF  RHODODENDRON,  Martha  K.  Roane,  Dept,  of 
Plant  Pathol.,  Physiol,  and  Weed  Sci.,  Va.  Polytech.  Inst,  and  State  Univ., 
Blacksburg,  Va.  24061.  Spots  and  blotches  as  well  as  fragrance  of  corolla  of 
native  Rhododendron  spp.  serve  as  attractants  to  pollinators  such  as  bumble¬ 
bees,  butterflies  and  moths.  Under  UV  light  spots  and  blotches  contrast 
sharply  with  the  rest  of  the  corolla  and  are  bright  red.  The  corollas  of  R. 
alabamense,  R.  nudiflorum^  R.  oblongifol ium  and  R.  roseum  are  violet  under  UV 
light.  The  orange  blotch  of  R.  cumberlandense  becomes  masked  by  the  red  color 
of  the  corolla  after  about  1  wk.  Very  little  is  recorded  about  the  pollina- 
tors  of  Rhododendron  spp.  An  Ichneumon  wasp  was  photographed  on  R.  lapponicum 
and  may  or  may  not  be  a  pollinator. 
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THE  EFFECT  OF  ZINC  ON  DIATOM  COMMUNITIES  IN  LABORATORY  MESOCOSMS.  Keith  G. 
Sapping ton*  P.M.  Stewart,  and  J.  Cairns,  Jr.,  Dept,  of  Biology  and  Ctr.  for 
Environmental  Studies,  VPI  &  SU,  Blacksburg,  Va.  24061.  The  objectives  of  this 
study  were  to  examine  the  effect  of  zinc  concentrations  on  diatom  communities 
and  to  find  which  concentrations  affected  diatom  diversity  and  proportional  abun¬ 
dance.  Diatoms  were  collected  from  a  VPI  &  SU  pond  on  artificial  substrates 
(PFU  s)  then  placed  in  tubs  at  15® C  with  0,  1,  10,  and  lOOppm  Zn.  Ninety-nine 
species  were  identified  from  a  total  of  34  samples  taken  at  day  0,  7,  14,  21, 
and  28.  A  non-parametric  two-way  layout  demonstrated  that  the  Shannon-Weiner 
diversity  index  indicated  a  significant  difference  Cp<.001)  between  1  and  lOppm 
Zn.  The  proportional  abundance  of  Gomphonema  parvulum  was  significantly  differ¬ 
ent  from  the  control  at  Ippm  Cp<*025)  and  that  of  Achnanthes  lanceolata  at  lOppm 
(p<.01).  Thus,  the  "critical"  concentration  of  zinc  for  diversity  was  between 
1  and  lOppm,  and  that  for  proportional  abundance  differs  from  species  to  species 
which  supports  the  need  for  multi-species  toxicity  testing. 

BELOWGROUND  PRODUCTION  IN  THE  GREAT  DISMAL  SWAMP.  Millie  Symbula, 
Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  Va .  23508,  &  Frank  P. 

Day,  Jr.,  Dept,  of  Biol.,  Old  Dominion  Univ,,  Norfolk,  Va .  23508. 

The  belowground  biomass  of  a  maple-gum  community  in  the  Great  Dis¬ 
mal  Swamp  was  studied  by  two  different  methods.  The  first  involved 
removal  of  soil  cores  with  a  hand  auger  to  a  depth  of  40  cm.  The 
second  employed  a  modified  implanted  soil  mass  technique.  Peaks  in 
biomass  were  observed  in  the  spring  and  autumn  for  both  soil  cores 
and  Implant  bags.  Biomass  estimates  decreased  in  the  soil  core 
samples  during  the  summer.  The  mean  value  of  live  root  material 
for  the  0-10  cm  depth  was  438  g/m^  in  May  which  dropped  sharply  to 
249  g/m2  in  July.  Decreases  were  also  noted  in  the  implant  bags. 

The  severe  drought  conditions  experienced  during  the  summer  months 
of  1983  probably  account  for  a  portion  of  the  decline  in  the  root 
mass.  Comparisons  of  the  two  techniques  will  be  discussed. 

THE  INTERACTIVE  EFFECT  OF  TEMPERATURE  AND  SALINITY  ON  THE  GROWTH  AND  ACTIVITY 
OF  A  SALT  MARSH  FUNGUS.  Albert  P.  Torzill i ,  Sarah  Vinroot*  and  Catherine  Westt 
Dept,  of  Biol.,  George  Mason  University,  Fairfax,  VA  22030.  The  effect  of 
various  combinations  of  temperature  and  salinity  on  growth  and  xylanase  pro¬ 
duction  by  a  salt  marsh  isolate  of  Aureobasidium  pullulans  was  investigated. 

A  low  salinity  optimum  for  growth  was  observed  when  cultures  were  incubated 
at  10,  15,  and  250C.  However,  when  cultures  were  incubated  at  350C,  maximum 
growth  occurred  at  the  highest  salinity  tested  (45%.,).  A  similar  although  not 
identical  shift  in  salinity  optimum  was  also  observed  for  xylanase  production 
when  cultures  were  incubated  at  350C  as  opposed  to  the  lower  temperatures.  The 
interactive  effect  of  temperature  and  salinity  on  both  growth  and  xylanase 
production  was  further  supported  by  highly  significant  F-values  (P<0.001)  for 
the  temperature  x  salinity  interaction  terms  when  the  data  were  subjected  to 
two-way  analyses  of  variance.  The  shifts  in  salinity  optima  demonstrated  here 
are  indicative  of  physiological  adaptation  to  conditions  of  high  temperature 
and  salinity  that  occur  during  summer  at  low  tide  in  the  intertidal  zone. 
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ENZYME  POLYMORPHISM  IN  COASTAL  PLAIN  POPULATIONS  OF  TRILLIUM  PUSILLUM.  Paul 
R.  Cabe  &  Charles  Werth^  Dept,  of  Bio.,  Col.  of  William  and  Mary,  Williamsburg, 
Va.  23186.  Trillium  pusillum  Michaux  ranges  across  the  southeastern  United 
States,  typically  occuring  as  widely  disjunct  local  populations.  The  taxonomic 
status  of  these  populations  has  been  the  subject  of  recent  debate  and  revisions. 
This  study  will  form  the  foundation  for  a  larger  study  aimed  at  clarifying  the 
relationships  among  various  populations  and  taxa  of  this  interesting  group.  Four 
populations  in  the  coastal  plain  have  been  examined  using  starch  gel  electro¬ 
phoresis.  Nine  enzyme  systems,  coded  by  thirteen  loci,  are  consistently  scor- 
able,  of  which  seven  show  polymorphism.  Allele  frequencies  show  substantial 
differences  among  the  populations,  suggesting  limited  gene  flow.  Genotypic  ra¬ 
tios  are  consistent  with  Hardy -Weinberg  expectations.  This  supports  the  con¬ 
clusion,  based  on  ecologic  studies,  that  this  species  is  predominantly  out- 
crossing. 

VASCULAR  FLORA  OF  SOUTHERN  KING  AND  QUEEN  CO.,  VA.  Anna  L.  Vascott ,*  Dept. of 
Biol.,  Col.  of  William  and  Mary,  Williamsburg,  Va. ,  23185.  For  this  ongoing 
investigation,  collections  of  the  vascular  flora  of  King  and  Queen  Co.,  Va. 
were  made  from  September  1981  through  November  1983.  The  study  area,  bound 
on  the  north  by  Exol  Cr. ,  on  the  west  by  the  Matoponi  R. ,  on  the  east  by 
Dragon  Run  and  on  the  south  by  the  Poropotank  R. ,  covers  approximately  160 
square  miles.  Habitats  include  a  brackish  marsh,  freshwater  marshes,  mixed 
pine-deciduous  woods,  deciduous  woods,  disturbed  areas,  swamps,  calcareous 
ravines  and  tidal  mudflats.  This  last  habitat  has  several  interesting 
species,  one  of  which,  Bacopa  stragula,  is  listed  as  threatened,  perhaps 
endangered  in  Va. 


Chemistry  Section 

CHARACTERIZATION  AND  COMPARISON  OF  CHARGE-TRANSFER  COMPLEXES  OF  MALEIC 
ANHYDRIDE  AND  N-SUBSTITUTED  MALEIMIDES.  D.  R.  Abayasekara ,  L.  Maillet,  and  R. 

M.  Ottenbrite,  Dept,  of  Chem. ,  Va.  Commonwealth  Univ.,  Richmond,  VA  23284. 

Using  UV  spectroscopy,  it  was  determined  that  a  charge-transfer  complex 
(CTC)  could  be  detected  when  maleic  anhydride  interacted  with  the  electron- 
donating  substrates  sytrene,  furan  and  2-chloroethyl  vinyl  ether.  CTC  forma¬ 
tion  between  these  electron  donating  substrates  and  maleimide,  N-carbamyl- 
maleimide,  N-phenylmaleimide,  N-carbethoxymaleimide,  and  N-ethyl -maleimide 
were  investigated.  Using  UV  and  NMR  techniques,  the  k  of  CTC  formation  and 
related  aG,  aH,  and  aS  values  were  determined.  Results  indicate  that  under 
these  experimental  conditions,  maleic  anhydride  readily  forms  CTCs,  whereas 
maleimide  does  not.  It  appears  that  strong  electron-withdrawing  N-substitu- 
ents  on  maleimide  lead  to  CTC  formation  with  electron-donating  substrates. 

CrOMPUTER  ASSISTED  INSTRUCTIUIN :  A  CHEMISTRY  TUTORIAL.  Lawrence  S. 
Anker*,  Robert  E.  Lee  Undergraduate  Res.  Scholar,  Washington  and 
Lee  University,  Lexington,  Va.  24450,  Micro- computers  have  a  wide 
variety  of  uses  in  an  academic  environment.  One  application  is  in 
computer  assisted  instruction  (C.A.I.).  This  project  involved 
designing  a  C.A.I.  system  for  the  Apple  II  plus/  Apple  lie  computer. 
The  system  includes  nine  programs  which  allow  an  instructor  to 
create  an  exercise,  add  a  question  to  an  exercise,  edit  an  exercise 
and  other  assorted  maintenance  options.  The  system  is  designed  to 
accomodate  a  wide  variety  of  exercises  and  to  be  used  exclusively 
as  a  student  tutorial.  (Supported  by  a  grant  from  the  Robert  E. 

Lee  Res.  program.) 
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MIXTURE  ANALYSIS  USING  COMBINED  LUMINESCENCE  TECHNIQUE.  E.  B.  Asafu-Adjaye  & 

S.  Y.  Su,  Dept,  of  Chem. ,  Va.  Commonwealth  Univ. ^  Richmond,  ¥a.  23284.  Room 
temperature  phosphorescence  was  used,  in  the  first  phase  of  the  Combined 
Luminescence  technique,  to  analyze  a  synthetic  mixture  of  pesticides  without 
prior  separation.  This  was  done  by  exploiting  the  different  degrees  of  enhance¬ 
ment  of  phosphrescence  signal  intensities  of  these  pesticides  by  different 
solid  substrates  and  heavy  atoms,  as  well  as  by  various  concentrations  of  the 
latter.  It  was  possible  to  determine  the  amount  of  some  components  in  the 
mixture  by  the  aforementioned  approach. 

THE  LEACHING  OF  URANIUM  FROM  BOROSILICATE  GLASS.  G.  Bryan  Balazs,  Chemistry 
Dept.,  Washington  &  Lee  Univ.,  Lexington,  VA  24450;  Henry  D.  Schreiber,  Chemis¬ 
try  Dept.,  VMI,  Lexington,  VA  24450;  &  Todd  N.  Solberg,  Geology  Dept.,  Virginia 
Tech,  Blacksburg,  VA  24061.  Static  leach  tests  were  performed  on  uranium- 
containing  borosilicate  glasses  in  order  to  ascertain  the  leaching  character¬ 
istics  of  uranium  as  U(VI),  as  U(V),  and  as  U(IV)  from  the  glasses  into  air- 
saturated  distilled  water.  A  simplified  mechanism  for  the  leaching  of  uranium 
from  the  glass  involves  the  initial  oxidation  of  all  uranium  to  U(VI)  upon 
exposure  to  the  leachate,  but  the  step  is  rapid  and  is  not  the  rate-determining 
step.  The  maximum  solubility  of  uranium  in  the  leachate  solution  is  then 
controlled  by  the  equilibrium  solubility  of  schoepite  [U(VI)-oxide  hydrate] 
that  forms  on  the  glass  surface. 

POLYMERS  FROM  DIACETYLENIC  DIKETONES.  R.  6.  Bass,  J.  W.  Connell  and  M.  S. 
STnslcy^  Department  of  Chemistry,  Virginia  Commonwealth  University,  Richmond, 
VA  23284  and  P.  M.  Hergenrother ,  NASA  Langley  Research  Center,  Hampton,  VA 
23665. 

As  part  of  an  effort  on  high  performance/high  temperature  polymers  for 
functional  and  structural  applications,  the  reaction  of  aromatic  di acetylenic 
di ketones  with  various  monomers  is  under  investigation.  High  molecular  weight 
polyenamines  were  readily  prepared  by  the  solution  polymerization  of  aromatic 
diacetylenic  di ketones  with  aromatic  diamines.  The  diacetylenic  di ketones 
were  synthesized  from  the  reaction  of  iso  and  terephthal aldehyde  with  lithium 
phenyl  acetyl ide  followed  by  oxidation  of  the  intermediate  diacetylenic 
dialcohols.  Proton  magnetic  resonance  and  infrared  spectroscopic  studies 
revealed  that  the  polymers  exist  as  the  intramolecularly  hydrogen  bonded 
Z-isomers.  The  glass  transition  temperatures  of  the  polyeamines  ranged  from 
198  to  235°C  depending  upon  the  composition  of  the  polymer. 

This  research  was  performed  under  NASA  Langley  Research  Center  Grant 
NAGl-239. 

A  MULTIDIRECTIONAL  SURVEY  OF  ACID  RAIN  AND  ITS  EFFECTS  ON  SOIL  RESPIRATION 
RATES.  Kevin  Y.  Berger,  Jeffrey  S.  Mandak,  John  S.  Knox,  James  K. 

Shillington*,  M.  A.  Pleva*  (*Academy  Member),  Dept,  of  Chemistry,  Washington 
and  Lee  Univ. ,  Lexington,  Va,  24450.  The  proper  methods  for  rainfall 
collection  and  pH  measurement  were  determined.  Using  a  Warburg  respirometer 
an  attempt  was  made  to  ascertain  the  possible  influence  of  anions  associated 
with  acid  rain  on  the  respiration  rates  of  soil  samples  from  various 
locations  in  Rockbridge  County.  The  soil  samples  were  introduced  into  the 
manometry  apparatus  in  slurry  form  and  the  respiration  was  monitored  for 
various  periods  of  time. 
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SYNTHESIS  AND  HPLC  DETECTION  OF  1-(B -D-GLUCOPYRANOSYL)PHENOBARBITAL.  Vi jay  0. 
Bhargava*,  Dept.  Pharaacy/Pharaaceutics,  William  H.  Seine,  Dept.  Medicinal  Chem¬ 
istry,  School  of  Pharmacy,  Lome  K.  Garrettson*,  School  of  Medicine,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va,  23284.  l-(3 “D-Glucopyranosyl)phenobarbital  (PBG) 

has  recently  been  identified  as  a  significant  metabolite  of  phenobarbital  (PB) 
in  man.  Synthesis  of  this  metabolite  was  improved  by  using  the  Vorbruggen 
method  for  synthesis  of  pyrimidine  nucleosides.  PBG  was  synthesized  by  coupl¬ 
ing  of  PB  with  3 -D-glucosepentaacetate  in  the  presence  of  SnCl4  followed  by 
solvolysis  with  sodium  methoxide  in  methanol.  Spectral  characterization  was 
consistent  with  the  proposed  structure.  An  isocratic  HPLC  system  using  a  5y 
C-18  reverse  phase  column  and  a  mobile  phase  of  15%  acetonitrile: 85%  phosphate 
buffer  (pH  7.0,0.025M)  was  effective  in  separating  PBG  from  PB  and  p-hydroxy- 
phenobarbital.  PBG  analysed  in  the  urine  of  a  patient  on  PB  therapy  compared 
favorably  with  the  synthetic  PBG  using  gas  chromatography /mass  spectrometry  and 
HPLC  retention  time.  (Supported  by  the  Grants-in-Aid  program  for  Faculty  of  VCU)i 

A  4.5S  RNA  Species  in  Membrane  Bound  Polysomes.  V.  Cash  and  T.  0.  Sitz, 
Department  of  Biochemistry,  Virginia  Polytechnic  Institute  and  State 
University,  Blacksburg,  VA  24061.  In  the  cytosol  of  rat  liver,  there  is  a 
population  of  non-polysomal  40S  mRNP's  which  can  be  translational ly  inactive. 
This  fraction  contains  several  low  molecular  weight  RNA's  (scRNA's)  which  may 
be  involved  in  translational  control.  One  of  these,  alRNA,  is  capped  and  re¬ 
sembles  the  3 '-end  of  18S  rRNA  while  another  major  form,  3IRNA,  is  not  capped 
(Villringer,  e^  al_.  (1983)  Molec.  Biol .  Rep.  9,  65-74).  We  have  found  a  4.5S 
RNA  in  membrane  bound  polysomes  which  is  the  3 '-terminal  fragment  of  18S  rRNA 
and  is  identical  to  the  alRNA  except  for  the  5 '-end  sequences  and  the  cap 
group.  In  comparing  sequences  with  the  rDNA  sequences  for  18S  rRNA  (Chan,  et 
(1984)  J.  Biol.  Chem.  259,  224-230),  we  found  that  the  3IRNA  is  identical 
to  5 '-fragment  from  18S  rRNA.  The  two  major  ^cRNA's  (al  and  3I )  would  appear 
to  derive  from  the  ends  of  18S  rRNA.  The  possible  origin  of  the  4.5S  RNA 
(related  to  the  alRNA  and" the  3 '-end- of  18S  rRNA)  and  its  function  will  be 
presented. 

COMPUTER  INTERFACED  CALVET  MICROCALORIMETER:  AN  INEXPENSIVE  APPROACH.  R.J, Combs, 
P.E. Field  and  J.P .Wightman,  ChBm,  Dept.,  Va.  Polytechnic  Ins^t.  &  State  Univ., 
Blacksburg,  Va.  24061.  Heats  of  immersion  measured  with  a  Calvet  microcalori¬ 
meter  of  0.05  to  5.00  joules  require  times  ranging  from  h  to  9  hrs.  Control, 
data  acquisition  and  data  processing  are  performed  with  a  cost  effective  T/S1500 
microcomputer.  Temperature  equilibration  of  the  calorimeter  may  require  several 
hours,  the  computer  monitors  the  calorimeter  to  determine  the  minimum  equilibra¬ 
tion  time  before  initiating  the  experiment.  Time  versus  temperature  data, 
formerly  obtained  by  analog  integration,  is  acquired  digitally  and  stored  in  a 
data  file.  The  data  can  be  plotted,  stored  and  integrated  to  yield  heats  of 
immersion.  Program  and  interface  circuitry  are  described.  (Research  supported 
in  part  by  Office  of  Naval  Research.) 
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THE  EFFECT  OF  POLYMER  STRUCTURE  ON  ABLATION  ENERGY.  R.F.  Cozzens  and  P.  Walter, 
Department  of  Chemistry,  George  Mason  University,  Fairfax,  VA  22030. 

Ablation  energy  is  defined  as  the  amount  of  energy  required  to  volitalize  one 
gram  of  matter.  A  CW-10. 6 /\m,C02  laser  operating  at  120W/cm2  was  used  to  irra¬ 
diate  samples  for  0.5  sec  to  7.0  sec.  Because  of  char  build-up,  ablation  energy 
was  determined  by  plotting  weight  loss  vs.  time  and  extrapolating  to  zero. 

Mixtures  of  the  Dicyanate  of  Bisphenol-A  (difunctional)  and  Cummyl  Pheonoxy 
Cyanate  (monofunctional)  were  thermally  polymerized.  The  difunctional  compound 
forms  a  highly  cross-linked  macromolecule.  Copolymerization  with  the  monofunc¬ 
tional  compound  reduces  the  degree  of  cross-linking.  Polymers  with  varying  de¬ 
grees  of  cross-linking  were  synthesized.  Reactants  were  polymerized  at  185-190C 
for  36  hours.  Degree  of  cross-linking  was  verified  by  solvent  swelling.  Extent 
of  swelling,  using  a  variety  of  solvents,  was  proportional  to  the  mole  fraction 
of  starting  materials.  This  supported  the  proposed  structure  of  the  polymer. 

Ablation  energies  decreased  linearly  from  17.6  to  14.2  KJ/g  over  the  range  of 
100  to  60  mole  percent  difunctional  monomer.  As  cross-linking  increased,  abla¬ 
tion  energy  also  Increased.  Below  60  mole  percent  difunctional  monomer  the  poly¬ 
mer  tended  to  melt  when  irradiated  and,  thus,  data  was  difficult  to  obtain. 

T01P1ATE  SYNTHESIS  OF  MACROCYCLIC  COMPLEXES  OF  THE  URANYL  ION.  Luisa  De  Co  la*  and 
Lidia  M.  Vallarino,  Dept,  of  Chem. ,  Va,  Corrmonwealth  Univ. ,  Richmond,  VA  23284. 
The  uranyl  ion  is  known  to  coordinate  with  a  variety  of  0-donor  and  N-donor  2^ 
ligands,  which  usually  occupy  equatorial  positions  around  the  linear  [OU=0]^ 
moiety;  however,  complexes  in  which  the  ligands  constitute  a  macrocyclic  system 
are  extremely  scarce.  We  have  investigated  the  template  reaction  of  2,6-dia- 
cetylpyridine  and  1 , 2-diaminoe thane  (1:1  mole  ratio)  in  the  presence  of  uranyl 
salts  and  obtained  a  series  of  products  of  the  general  formula  [U02L]X2,  where 
L  is  a  neutral  six-nitrogen  macrocycle  (022^28^6)  and  X  is  I”,  NO3  ,  and  ClO^  . 

The  dark  brown  crystalline  complexes  have  infrared  and  nuclear  magnetic  reso¬ 
nance  spectra  consistent  with  a  symmetric  coordination  entity;  their  ultraviolet 
and  visible  spectra  show  very  strong  charge- transfer  absorptions  as  well  as 
much  weaker  f-f  transitions.  The  ease  of  formation  and  high  stability  of  these 
complexes  is  of  interest  in  connection  with  the  sequestering  and  recovery  of 
uranium  and  related  actinides.  (Supported  by  N.I.H.,  Grant  ROl  (A30148.) 

THE  SYNTHESIS  OF  AROMATIC  QUATERNARY  AMMONIUM  COMPOUNDS,  John  J. 

Delany  III ,  Joseph  C,  Campbell,  Jr.,  Scot  C.  Schultz,  Peter  A.  Hunt, 

James  K.  Shillington*,  M.  A.  Pleva*,  Dept,  of  Chemistry,  Washington 
and  Lee  Univ. ,  Lexington,  Va.  24450.  Aromatic  compounds  may  be  carcin¬ 
ogenic  but  also  may  form  the  basic  for  cancer  treatments.  The  bases  in 
DNA  and  RNA  are  aromatic  rings  which  stack  to  form  a  hydrophobic  core 
in  the  helix  which  is  surrounded  by  a  ribose  phosphate  backbone.  Some 
aromatic  compounds  can  jam  their  way  into  the  stack  of  bases,  while  others 
can  take  the  place  of  normal  nucleoside  bases.  Either  way,  the  integrity 
of  the  DNA  or  RNA  chain  is  lost.  DNA  or  RNA  are  coated  with  histone 
proteins  which  have  protonated  amines.  These  anmonium  ions  balance  the 
negatively  charged  phosphate  groups.  Quaternary  anmonium  ions  tend  to 
bind  strongly  to  the  phosphate  groups.  Our  work  is  concerned  with  the 
synthesis  of  quaternary  ammonium  compounds  containing  as  one  of  the  groups, 
an  aromatic  system.  The  compounds  are  expected  to  bind  with  the  phosphates 
of  DNA  and  RNA,  and  the  attached  aromatic  group  will  affect  the  base  sequence. 
Several  compounds  will  be  discussed. 
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OXOPEROXOCITMTO  COMPLEXES  OF  MOLYBDENUM  (VI )  *  C*  Djordjevic,  N.  Vuletic,  and 
G.M.  Jamison,  Chemistry  Department,  College  of  William  and  Mary,  Williamsburg, 

VA  23185.  In  the  process  of  studying  the  peroxo  citrate  complexes  of  the  early 
transition  metals  we  prepared  and  characterized  crystalline,  stable  oxodiperoxo 
citratomolybdate (VI)  of  the  formula  Ml3[Mo0(02)2citrato]xH20,  M=K,  NH4.  The 
Mo (VI)  complex  differs  from  the  analogous  oxomonoperoxocitrato  vanadate (V),  and 
the  IR  spectra  indicate  the  different  coordination  of  the  citrato  ligand.  Two 
strong  bands  occur  In  the  carboxylato  CO  stretching  region  (1720  and  1630  cm“l) 
Strong  terminal  Mo^  stretching  is  observed  at  940  cm~l,  and  the  coordinated 
peroxo  group  stretchings  occur  as  a  doublet  at  870-850  cm“l.  In  aqueous  solu¬ 
tions  the  oxoperoxomolybdates  most  likely  rearrange,  and  we  are  In  the  process 
of  studying  electrochemistry  of  these  solutions.  CV  reveals  complex  irreversi¬ 
ble  processes,  differing  significantly  in  0.2M  LiClO^  and  0.2M  H2SO4.  Larger 
number  of  electroactive  species  is  observed  in  0.2M  110104.  The  comparison  of 
voltammograms  run  for  aqueous  solutions  of  K2Mo02(02)2»  K3[Mo03citrato] ,  and 
K3[MoO (O2) 2citrato]  is  Interesting,  demonstrating  a  significant  cathodic  shift 
of  the  two  Eg  occuring  In  the  oxoperoxocitrato  complex.  Glassy  carbon  elec¬ 
trode  only  has  been  used  so  far.  (Supported  by  the  NSF  Grant  No.  CHE- 
8207175). 

Models  for  5.8S  rRNA  Dimer  Formation.  C.  Dove  and  T.  0.  Sitz,  Department  of 
Biochemistry 9  Virginia  Polytechnic  Institute  and  State  University,  Blacksburg, 

VA  24061.  The  5.8S  rRMA  exist  as  a  hydrogen  bonded  complex  with  the  28S  rRNA 
in  the  large  (60S)  ribosomal  subunit  in  eucaryotic  cells.  The  two  distal  ends 
of  the  5.8S  rRNA  (5*  and  3'  terminal  sequences)  are  pulled  together  by  second¬ 
ary  structure  to  form  the  binding  site  (Biochem.  20:  4029,  1981).  The  5.8S 
rRNA  can  also  form  complexes  with  itself  to  form  dimers,  trimers  and  higher 
mul timers.  We  have  proposed  a  model  for  this  interaction  involving  the  5'  and 
3'  terminal  sequences  (Biochem.  17:  5811,  1979);  however,  an  alternative  model 
has  been  proposed  involving  the  5'  region  in  forming  a  palindrome  (Nucleic 
Acids  Res.  7^:  2213,  1979)  which  was  supported  by  others  (Biochem.  21  ,  2329, 

have  tested  these  models  using  enzymatic  probing  and  are  currently 
using  chemical  probing  as  well.  These  data  support  our  terminal  interaction 
model  for  5.8S  rRNA  dimers. 

FURTHER  STUDIES  ON  EXTRACTIVES  OF  FOMES  ROBINIAE .  Saundra  Eaxeckson*  and 
James  B.  Patrick,  John  Baker  Baffin  Dept,  of  Chemistry,  Mary  Baldwin  College, 
Staunton,  Virginia  24401,  Me  have  studied  the  products  of  petroleum  ether 
extraction  of  Fomes  roMniae.  a  common  “bracket  fungus  found  In  the  Shenandoah 
Valley.  2--Pentanol  has  been  identified,  and  Ms-fe-ethylhexyl) phthalate .  which 
we  reported  earlier  (Lawrence  and  Patrick,  VAS  Meeting  197?) »  has  been  confirmed. 
Hypothetical  biosynthetic  pathways  for  both  substances  are  proposed,  and 
characterization  of  some  other  unidentified  nretabolltes  is  described.  The 
Drosophilln-A  related  metabolites  reported  by  Butrullle  and  Dominguez  as 
constituents  of  F.  roblnlae  were  not  detected  In  01^  extracts. 

MAGNETIC  EFFECTS  FOR  MODEL  COMPOUNDS  OF  LANTHANIDES  IN  POLYIMIDES.  A. 
Gootee,  D.  D.  Shillady  and  L.  M.  Vallarino;  Department  of  Chemistry,  Virginia 
"Coiionwealth  University*  Richmond,  VA  23284, 

Lanthanide  complexes  with  N-phenyl  phthalamate  1on  (NPPA)  have  been 
prepared  as  models  of  lanthamide  incorporation  1n  polyi’mides.  Consideration 
of  LnCNPPA)^  and  Ln(NPPA).  structure  varying  with  the  lanthanide  contraction 
are  given  in  terms  of  nuclear  magnetic  resonance  (NMR)  and  magnetic  circular 
dic^roisra^  (MCD)  ^ectra.  Large  magnetic  moments  have  been  determined  for 
Ho'^  ,  Dy^  and  complexed  with  NPPA  indicating  a  posssibiUty  of  magnetic 
polyimides. 
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SECONDARY  ORBITAL  INTERACTIONS  DETERMINING  RE6I0SELECTIVITY  IN  THE  LEWIS  ACID 
CATALYZED  DIELS  ALDER  REACTION.  0,  Fatih  Guner,  R.M.  Ottenbrite;  P.V. 
Alston,  D.D.  Shillady,  Department  of  Chemistry,  Virginia  Commonwealth 
University,  Richmond,  VA. 

Theoretical  Structures  of  Acrolein  and  Borontriflouride  were  developed  by 
The  Davidon-Fletcher-Powell  geometry  optimization  with  the  CNDO/2  MO  method. 

The  effect  of  the  Lewis  acid  on  the  frontier  molecular  orbital  (FMO)  energies 
and  coefficients  was  more  reasonable  than  observed  in  previous  studies  which 
used  protonated  acrolein  to  simulate  Lewis  acid  complexation  of  acrolein. 

The  frontier  molecular  orbitals  of  the  borontri fluoride-acrolein  complex  and 
various  dienes  are  used  to  predict  the  reactivity,  regio-  and  stereo-selectiv¬ 
ity  of  the  Lewis  acid  catalyzed  Diels-Alder  reaction.  Both  the  primary  and 
secondary  interactions  of  the  FMO's  are  considered  in  2nd  order  perturbation 
calculations  and  the  results  are  compared  with  experimental  results. 

SYNTHESIS  OF  GLUCOSIDE  DERIVATIVES  OF  STE6AN0L.  R.  P.  Hicks  and  A.  T.  Sneden, 
Department  of  Chemistry,  Virginia  Commonwealth  University,  Richmond,  Virginia 
23284. 

Steganol  bears  a  marked  resemblance  to  podophyllotoxin.  Glucoside  derivatives 
of  4' -demethyl -epi -podophyllotoxin  are  currently  undergoing  clinical  trials  as 
possible  anticancer  agents.  The  preparation  of  the  glucoside  analogues  of 
steganol  was  investigated  using  the  procedures  developed  for  the  podophyllo¬ 
toxin  class  of  lignans.  Simple  ether  analogues  were  prepared  using  an  alcohol 
and  BF«  etherate  to  explore  the  precise  conditions  and  stereochemistry  of  the 
reaction.  These  conditions  were  then  used  to  form  the  tetra-£-acetyl  and 
tetra-^-benzyl  glucosides  of  steganol.  The  stereochemistry  of  the  glucosides 
was  determined  by  high  resolution  "^H  nmr  after  deprotection.  Acetal  deriva¬ 
tives  of  the  glucose  ring  were  prepared  using  standard  procedures.  All 
derivatives  have  been  subjected  to  biological  testing  and  the  results  will  be 
discussed, 

THE  CHEMISTRY  OF  0R6AN0ALUMINUMS  WITH  HALOPHOSPHAZENES.  Logan  A.  Jackson*  and 
Paul  J.  Harris,  Virginia  Polytechnic  Institute  and  State  University, 

Blacksburg,  VA  24061.  The  reactions  of  organoal uminum  reagents  with  cyclic 
halophosphazenes  will  be  discussed.  These  reactions  are  found  to  lead  to 
alkyl-substituted  phosphazenes,  however,  the  degree  of  substitution  is  found 
to  be  dependent  on  the  reaction  temperature  and  concentration  of  the  aluminum 
reagent.  The  substitution  is  found  to  proceed  exclusively  by  a  geminal 
pathway. 

TEMPERATURE  DEPENDENCE  OF  THE  THERMODYNAMIC  AND  KINETIC  PROPERTIES 
OF  CYTOCHROME  c.  Kent  B.  Roller*  and  Fred  M.  Hawkridge,  Department 
of  Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA  23284. 
Cytochrome  c  is  an  electron  transfer  protein  in  mammalian  oxidative 
phosphorylation.  The  electron  transfer  partners  of  cytochrome  c, 
cytochrome  c  reductase  and  cytochrome  c  oxidase,  are  both  membrane 
bound  imparting  heterogeneous  character  to  their  reactions.  The 
kinetics  and  thermodynamics  of  direct,  or  heterogeneous,  electron 
transfer  reactions  between  cytochrome  c  and  indium  oxide  semicon¬ 
ductor  electrodes  have  been  determined  as  a  function  of  tempera¬ 
ture.  The  trends  observed  in  these  data  have  been  evaluated  with 
consideration  of  the  known  temperature  dependent  conformational 
changes  of  cytochrome  c,  i.e.,  disruption  of  the  axial  coordination 
of  the  iron  to  the  methionine- 80  sulfur  atom. 
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OXOPEROXOPOLYCARBOXYLATO  VANADATES (V) .  M.  Lee*  and  C.  Djordjevic,  Chemistry 
Department,  College  of  William  and  Mary,  Williamsburg,  VA  23185.  Peroxo  hetero¬ 
ligand  vanadates (V)  represent  an  interesting  metal-peroxo  entity,  which  canserve* 
as  a  model  system  for  the  biochemical  interactions  of  vanadium  in  the  living 
matter.  Heteroligands  have  been  found  to  affect  the  stereochemistry  and  redox 
properties  of  the  complexes.  Recently  we  have  prepared  and  characterized  orange, 
crystalline  oxomonoperoxo  vanadates (V)  containing  heteroligands  familiar  to 
living  cells.  They  differ  in  stability,  and  decompose  on  standing  by  loosing 
peroxides  and  reducing  vanadium  to  V(IV).  Analyses  of  these  compounds  agreewith 
the  formula  Ml [VO (O2 )L] XH2O ,  where  L  =  malate,  citrate,  tartrate  and  EDTA,  re¬ 
spectively.  M  =  K,  ,  Cs  and  Na.  Charge  transfer  bands(V<— O2  )  are  found 
in  aqueous  solutions  between  300-450  cm“^,  showing  dependence  upon  the  heteroli- 
gand  and  pH.  IR  spectra  reveal  characteristic  frequencies  of  the  coordinated 
carboxylato  and  peroxo  group,  in  addition  to  the  terminal  V=0  stretchings. 

X-Ray  structure  analysis  (E.  Sinn  et  al, ,U.Va)  of  some  of  these  compounds  is  in 
progress.  Using  L1210  murine  leukemia  test  system  (G.L.  Wampler  et  al.,  MCV) , 
antitumor  activity  has  been  found  for  some  of  these  V(V)  complexes.  (Supported 
by  the  NSF  Grant  No.  CHE-8207175). 

DERIVATIZATION  SEPARATION- ROOM  TEMPERATURE  PHOSPHORESENCE  TECHNIQUES 
William  J.  Long,  M.H. Nguyen,  and  S.Y.  Su,  Dept,  of  Chem. ,  Va.  Commonwealth 
Univ. ,  Richmond,  Va.  23284.  Room  temperature  phosphoresence  is  a  very 
selective  technique.  Analyses  of  drugs,  and  polynulear  aromatic  hydrocarbons 
have  been  done  without  prior  separation.  However, RTP  also  suffers  from  limited 
application  range.  By  using  derivitizing  reagents  such  as  dansyl  chloride  and 
f luorescamine,  the  non-phosphorescent  amino  acids  can  be  detected  by  RTP,  thus 
the  application  range  is  extended.  Dansyl  chloride  is  used  as  a  phosphorescent 
derivitizing  reagent  for  primary  and  secondary  amines  with  the  e^Lcess  reagent 
removed  by  the  use  of  paper  chromatography.  Fluorescamine  was  found  to  be  a 
phosphogenic  derivitizing  reagent  and  no  futher  separation  of  the  product  from 
the  excess  reagent  is  needed.  (  Supported  by  the  Grants-in-Aid  Program  for 
Faculty  of  Va.  Commonwealth  Univ.) 

REACTIONS  OF  MOLYBDENUM( IV)  COORDINATION  COMPLEXES.  James  T.  Lyon,  HI, 

James  P.  Hayes,  and  Joseph  Topich,  Department  of  Chemistry,  Virginia  Com- 
monwealth  University,  Richmond,  VA  23284. 

The  oxygen  atom  transfer  reactions  for  MoOgCS-H-SSP)  and  Mo02(5-H“SSE) 
(where  B-H-SSP^-  =  N-(sal icyl idene)-2-aminobenzenethiolate  and  S-H-SSE^-  = 
N-(salicyl idene)-2-aminoethanethioIate)  with  PEtPhg  were  studied  in  detail 
between  30  and  60°C.  The  applicable  rate  law  is  -dCMoO^Ll/dt  = 
kiCMoOgLlCPEtPhg].  Only  oxo-Mo(IV)  complexes  are  observed  as  products  of 
these  reactions.  The  specific  rate  constants  at  30°C  are  10.2  (±0.9)  x  10"^ 
M-isec-i  for  Mo02(5-H-SSP)  and  2.1  (±0,2)  x  10-*+  M-isec"i  for  Mo02(5-H-SSE). 

From  similar  reactions  oxo-Mo(IV)  complexes  can  be  i_solated.  The  oxo-Mo(IV) 
complexes  react  rapidly  with  NO3"  to  produce  NOg”  and  the  corresponding 
cis-dioxo-Mo(VI)  complexes  in  an  oxygen  atom  transfer  reaction, 

THE  ULTRASONIC  GENERATION  OF  CYCLOPROPANES  FORM  CARBENES .  Ronald  ^  Magee , 
Michael  J.  Spellman,  Jr. ,  D.  Shawn  Harvey,  James  K.  Shillington*,  Michael 
A.  Pleva*  (^Academy  member).  Dept,  of  Chemistry,  Washington  and  Lee  Univ., 
Lexington,  Va.  24450.  An  investigation  into  the  production  of  1 , 1-dichloro- 
2-phenylcyclopropane  from  a  biphasic  reaction  between  sodium  hydroxide  and 
chloroform,  in  addition  to  the  alkene  styrene,  suggest  a  method  of  producing 
cyclopropanes  by  replacing  a  phase  transfer  catalyst  with  the  incorporation 
of  ultrasonic  waves  as  a  catalyst  and  varying  the  stirring  rate.  The 
dichlorocarbene  generated  during  the  reaction  readily  adds  to  the  styrene  to 
generate  the  product.  The  reaction  is  followed  by  gas  chromatography. 

The  preliminary  results  indicate  that  the  incorporation  of  sonic  waves  and 
increases  in  the  rate  of  stirring  may  impart  an  definite  increase  in  the 
rate  of  production  to  the  1 , l-dichloro-2-phenylcyclopropane  product. 
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ELECTROCHEMICAL  STUDIES  ON  PEROXO  HETEROLIGAND  VANADATES (V ) .  D.J.  Mayonado^and 
C.  Djordjevic,  Chemistry  Department,  College  of  William  and  Mary,  Williamsburg, 
VA  23185.  Vanadium  is  one  of  the  transition  metals  recently  recognized  as  essen¬ 
tial  for  mammals,  with  an  unknown  physiological  function.  The  biochemistry  of 
vanadium  obviously  involves  very  complex  processes,  most  likely  related  to  elec¬ 
tron  transfer,  and  implicating  in  some  way  peroxo  groups.  Some  of  oxoperoxo- 
vanadates(V)  display  antitumor  activity.  Electrochemistry  of  aqueous  solutions 
of  peroxoheteroligand  vanadates (V)  consequently  becomes  of  considerable  interest 
as  a  model  system  for  biological  chemistry  of  vanadium.  We  have  used  cyclic 
voltammetry  to  follow  cathodic/anodic  processes  occuring  on  the  glassy  carbon 
electrode  in  aqueous  solutions  of  oxoperoxo  vanadates (V)  with  malate,  citrate, 
tartrate,  and  EDTA,  respectively,  as  heteroligands.  Voltammograms  were  run  in 
0.2M  LiClO^,  0.2M  HCIO4  and  0.2M  H2SO4,  respectively.  Irreversible  behavior  is 
observed  for  a  series  of  very  complex  redox  reactions.  The  number  and  the 
potential  of  Eq  and  E^  varies  with  the  ligand.  The  lowest  E^  shows  a  cathodic 
shift  (1490  to  930  cm~l)  in  the  following  order;  citrate>malate>EDTA>tartrate. 
Further  studies  are  in  progress.  (Supported  by  the  NSF  Grant  No.  CHE-8207175). 

HEATS  OF  IMMERSION  AND  WETTING  RATES  OF  WESTERN  AND  EASTERN  COALS  IN  VARIOUS 
LIQUIDS.  K.  L,  Newcomb*,  J.  P.  Wightman,  Chem.  Dept.,  Va.  Tech,  Blacksburg,  VA 
24061  and  D.  L.  Messick*,  Allied  Corp,,  Hopewell,  VA  23806 «  The  interaction  of 
coals  with  liquids  has  application  to  coal  dust  abatement,  spontaneous  heating 
of  coal  and  coal  liquefaction.  Heats  of  immersion  and  wetting  rates  are  good 
methods  for  probing  the  interaction  between  coals  and  liquids.  Heats  of  immer¬ 
sion  of  Wyodak  and  Virginia  coals  have  been  determined  in  alcohols  and  water 
using  a  Calvet  microcalorimeter.  Specific  heats  of  immersion  are  higher  on  the 
western  sub-bituminous  coal  compared  to  the  eastern  bituminous  coal.  Of  special 
significance  is  the  effect  of  increasing  size  of  the  butanol  isomers  on  the  heat 
of  immersion.  The  decrease  in  both  the  heat  of  immersion  and  the  time  required 
for  release  of  this  heat  with  increasing  bulk  of  the  butanol  molecule  has  been 
termed  the  Newcomb  effect.  This  observation  coupled  with  the  results  of  the 
other  heats  of  immersion  leads  to  a  better  understanding  of  the  pore  structure 
of  coal  and  of  the  accessibility  of  liquids  into  coal.  [Research  supported  by 
MMRRI  and  Center  for  Energy  &  Coal  Research  at  Virginia  Tech] 

STUDY  OF  TRYPSIN-TREATED  HUMAN  LOW-DMSITY  LIPOPROTEINS  (LDL)  s  IN  SEARCH  OF  A 
POSSIBLE  GENETIC  VARIANT.  S.K.  Rhodenizer*  and  M.F.  Pinkston,  Dept,  of  Biochem., 
Mary  Baldwin  College,  Staunton,  VA  24401,  To  test  the  hypothesis  that  a  struc¬ 
turally  altered  plasma  lipoprotein,  responsible  for  transport  of  lipids,  might 
serve  as  a  sensitizing  agent  in  delayed-type  hypersensitivity  to  certain  foods 
containing  highly  saturated  triglycerides,  human  LDL  were  treated  with  trypsin, 
in  an  effort  to  avoid  problems  in  solubility  and  to  provide  a  lipoprotein  rem¬ 
nant  and  peptide  fragments  for  structural  studies.  Sephadex  column  chromatog¬ 
raphy  permitted  separation  of  the  trypsin-treated  IDL  fractions  into  three  peaks; 
T-LDL  remnant,  trypsin,  and  T-peptides.  BioGel  P4  columns  effected  further  sep¬ 
aration  of  the  peptide  mixtures.  Differences  in  elution  patterns  of  peptides 
from  hypersensitive  and  control  donors  required  repeated  application  of  samples 
to  the  BioGel  column  to  determine  if  these  differences  were  reproducible.  Over¬ 
all  elution  patterns  continued  to  manifest  characteristic  differences,  although 
individual  peaks  did  not  appear  reproducibly  in  the  same  volume  of  eluant, 

CONSTITUENTS  OF  MAQUIRA  CALOPHYLLA.  J.  M.  Rovinski  and  A.  T.  Sneden, 
Department  of  Chemistry,  TTrginia  Commonwealth  University,  Richmond,  VA 
23284. 

Ethanol ic  extracts  of  Maqui ra  calophyl la ,  a  member  of  the  Moraceae  plant 
family  from  Peru,  have  demonstrated  in  vitro  activity  against  the  KB  cell 
culture.  Chromatographic  separation  of  the  extract  guided  by  cytotoxicity 
assays  resulted  in  the  isolation  of  several  new  KB-active  cardenol ides.  The 
furanocoumarins  marmesin,  oxypeucedanin  hydrate,  and  pranferol  were  also 
isolated  from  chromatographic  fractions.  The  structure  elucidations  of  these 
principles  were  accomplished  primarily  through  interpretation  of  “^H  and  ^'^C 
nmr  and  mass  spectra. 
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RESONANCE  RAMAN  SPECTROSCOPIC  CHARACTERIZATION  OF  THE  HEME 
COORDINATION  AND  SPIN  STATE  IN  THE  ALKALINE  FORM  OF  HORSE¬ 
RADISH  PEROXIDASE.  David  E.  Reed*,  Dept,  of  Chemistry,  Va . 
Commonwealth  Univ. ,  Richmond,  Va.  23284,  §  James  Terner, 

Dept,  of  Chemistry,  Va.  Commonwealth  Univ.,  Richmond,  Va. 

23284.  Resonance  Raman  spectroscopic  studies  of  certain  six 
coordinate  forms  are  compared  to  alkaline  forms  of  horseradish 
peroxidase  isoenzymes.  The  resonance  Raman  spectra  clearly 
show  a  transition  from  a  five  coordinate  high-spin  heme  at 
neutral  pH,  to  a  six  coordinate  low-spin  configuration  at 
alkaline  pH.  (Supported  by  Research  Corporation,  Petroleum 
Research  Fund,  and  the  Jeffress  Memorial  Trust.) 

XPS/SEM  ANALYSIS  OF  FRACTURED  Ti  6-4  LAP  SHEAR  SAMPLES  BONDED  WITH  POLYPHENYL- 
QUINOXALINE.  Kelly  A.  Sanderson*  and  ,1.  P.  Wightman,  Chem.  Dept.,  Va.  Tech, 
Blacksburg,  VA  24061 .  There  i s  a  continuing  need  for  a  detailed  molecular 
understanding  of  the  role  which  the  surface  oxide  layer  of  the  adherend  plays  in 
titanium  adhesive  bonding.  The  present  research  has  focused  on  the  analysis  of 
fractured  lap  shear  Ti  6-4  adherends  bonded  with  polyphenylquinoxal ine.  The 
samples  were  received  from  the  Boeing  Company.  Samples  were  selected  on  the 
basis  of  adherend  pretreatment,  stress  level  and  thermal  aging  history. 

Scanning  electron  microscopy  (SEM)  and  x-ray  photoelectron  spectroscopy  (XPS) 
have  been  used  to  study  surface  morphology  and  surface  composition  of  thermally 
aged  samples.  Cohesive  failure  is  associated  with  the  absence  of  a  Ti  2p3  XPS 
photopeak  whereas  the  presence  of  this  peak  is  evidence  of  interfacial  failure 
at  the  5  nm  level.  [Research  supported  under  NASA  Grant  NSG  1-343] 

COORDINATION  OF  LANTHANIDE  IONS  WITH  HEXA-AZO-MACROCYCLIC  LIGANDS:  SYNTHESIS 
AND  PROPERTIES.  Deborah  L.  Small es*  and  Lidia  M.  Vallarino,  Dept,  of  Chem., 

Va.  Commonwealth  Univ. ,  Richmond, Ta,  23284.  The  metal -template  polycondensa¬ 
tion  of  organic  substrates  to  yield  macrocyclic  ligands  has  been  extensively 
investigated  for  the  d-  and  s-block  metal  ions,  but  virtually  no  information 
has  been  reported  for  the  f-block  elements.  We  report  here  the  template  syn¬ 
thesis  of  a  unique  series  of  complexes  of  the  lanthanide  ions  (4t  electronic 
configuration),  containing  a  neutral  six-nitrogen-donor  Schiff-base  ligand 
(L=Cp«Hp^Nc)  derived  from  2, 6-di acetyl  pyridine  and  1,2,-diaminoethane.  Rigor- 
ously^annyorous  reaction  conditions  and  the  presence  of  suitable  counterions 
are  required  for  the  successful!  isolation  of  crystalline  complexes  having  the 
general  formula  [MLlCX)^  where  X  is  a  coordinating  (CH^COO'jPhCOCH-COPh)  or 
non-coordinating  (C10.,'^N0^)  anion,  or  a  combination  thereof.  Once  formed, 
the  complexes  of  this^series  are  thermally  quite  stable;  they  are  soluble  in 
water,  DMSO  or  chloroform,  depending  on  the  counterion  present.  The  magnetic 
and  spectral  properties  of  the  complexes  have  been  determined  and  assigned 
(supported  by  N.I.H.,  Grant  ROl  CA30148). 

SYNTHESIS  OF  ,4-DIHYDROXYBENZOHYDROHAMIC  ACID.  Forrest  T.  Smith, 

William  H.  Soine  and  Bart  van't  Riet,  Department  of  Medicinal  Chemistry.  School 
of  Pharmacy,  Virginia  Commonwealth  University,  Richmond,  VA.  3 ,4“Dlhydroxyben- 
zohydroxamic  acid  (NSC  324360)  is  a  potent  antineoplastic  agent  currently  under¬ 
going  Phase  I  clinical  trials  with  the  NCI.  To  facilitate  the  study  of  the 
metabolism  of  this  compound  the  radiolabeled  drug  was  synthesized.  Guaiacol  is 
brominated  with  bromine  in  chloroform  to  give  4-'bromoguaiacol  which  is  then  deri-’ 
vitized  with  _t“butyldimethylsilylchloride .  The  Grignard  of  4-bromo-3-methoxy- 
4-_t“butyldimethylsiloxybenzene  is  reacted  with  1^C02  using  the  apparatus  of 
Dauben,  Ried,  and  Yankwich  (Anal.  Chem.  1947,  19,  828).  The  acid  is  deprotected 
by  sequential  treatment  with  tetrabutylammonium  fluoride  and  boron  tribromide  to 
give  ■’-^C-3,4-dihydroxybenzoic  acid.  Subsequent  formation  of  the  methyl  ester 
and  treatment  with  hydroxylamine  gives  I4c~.3 j4-.dihydroxybenzohydroxamic  acid. 
(Supported  by  the  Jeffress  Memorial  Trust) . 
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An  Elongated  Minor  Form  of  Human  5.8S  rRNA,  $.D.  Smith  and  T.  0.  Sitz, 
Department  of  Biochemistry,  Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  VA  24061.  We  have  previously  characterized  an  elongated  form  of 
5.8S  rRNA  isolated  from  rodent  tissue  which  represented  about  20%  of  the  total 
cellular  5.8S  rRNA  (Va.  J.  Sci .  34,  153,  1983;  Biochem. ,  in  press,  1984). 

This  minor  form  of  5.8S  rRNA  is  six  nucleotides  longer  than  the  major  form  and 
has  a  heterogenous  terminus  (p[C]CGAUACG-") .  Gene  heterogeneity  leads  to  an 
adenylic  acid  insert  in  the  rRNA  precursor  which  changes  the  processing  site. 

We  have  recently  found  an  elongated  form  of  5.8S  rRNA  isolated  from  human 
tissue.  This  sequence  is  the  same  size  as  the  rodent  minor  5.8S  rRNA  but  the 
additional  sequences  are  different  (pCUCGUACG--) .  The  significance  of  these 
sequences  will  be  discussed. 

PHOTOCHEMICAL  TRANSFORMATIONS  OF  n-BUTYLBENZENE.  Wayne  M.  Stalick  and  George 
W.  Mis  brush.  Department  o£  Chemistry,  George  Mason~"ffiLiversTty7^air£aK , 

Virginia  22030. 

A  study  o£  the  photochemical  trans£ormations  o£  n-butylbenzene  has  been 
initiated.  With  the  aid  o£  a  capillary  gas  chromatography  mass  spectrometry 
instrument,  it  has  been  possible  to  separate  and  identify  the  large  number  of 
products  formed  during  the  photochanical  reaction.  Irradiation  of  this  alkyl - 
benzene  for  1  to  3  days  results  in  dealkylation  with  the  formation  of  a 
variety  of  deconposition  and  recombination  products.  The  presence  of  air 
also  has  a  marked  effect  on  the  number  and  variety  of  products  formed.  The 
reaction  products  resulting  from  irradiation  will  be  discussed  in  terms  of 
their  formation  via  a  free  radical  mechanism.  As  irradiation  was  continued 
for  longer  periods™o£  time,  up  to  six  days,  the  production  of  polymeric 
material  became  predomiaant  as  the  initially  formed  deconposition  products 
disappeared.  (Supported  in  part  by  a  Virginia  Academy  of  Science  Grant) 

TIME-RESOLVED  RESONANCE  RAMAN  SPECTROSCOPY  OF  METALLO-PORPHYRIN  INTERMEDIATES 
James  Terner  and  Joseph  Topich,  Dept,  of  Chemistry,  Virginia  Commonwealth 
University,  Richmond,  VA  23284.  Molybdenum  porphyrins  have  been  shown  to  be 
capable  of  performing  light-driven  reactions.  One  process  involves  the  cyclic 
formation  of  0-Mo(IV)TPP  from  0-Mo (V)TPP-0CH3  catalysing  the  cyclic  photo¬ 
reduction  of  water  to  hydrogen  peroxide.  We  have  observed  a  new  rapid  inter¬ 
mediate  in  the  photolysis  of  0=Mo (V)TPP-0CH3 .  This  intermediate  appears  to  be 
a  transient  form  of  0~Mo(V)TPP-0CH3  but  with  a  porphyrin  structure  that  is  less 
domed  than  in  stable  0-Mo (V)TPP-0CH3 .  Molybdenum  porphyrins  are  also  well 
known  for  their  "hyperporphyrin"  absorption  spectra,  similar  to  the  CO-ferrous 
forms  of  cytochrome  P-450  and  chloroperoxidase.  We  have  found  that  excitation 
into  various  absorption  bands  of  0“Mo (V)TPP-NCS  results  in  enhancements  of 
modes  which  are  different  from  those  of  previously  studied  porphyrins,  both 
hyper  and  non-hyper.  (Supported  by  Research  Corporation,  the  Petroleum 
Research  Fund,  the  Jeffress  Memorial  Trust,  and  the  NIH.) 

APPROACHES  TO  THE  SYNTHESIS  OF  THE  CYTOTOXIC  ACETOGENINS,  ROLLINICIN  AND 
ROLLINONE.  G.  L.  Tewalt,  K.  0.  Podraza,  and  A.  T.  Sneden,  Department  of 
Chemistry,  VTrgTnTi’Tommonweal th  University,  Richmond,  Virginia  23284. 

The  approach  to  the  synthesis  of  rollinicin  and  roll i none,  cytotoxic  C^, 
bistetrahydrofuranoid  acetogenin  lactones  isolated  from  Roll  ini  a  papil io- 
nella,  has  been  designed  to  take  advantage  of  one  common  Intermediate  con- 
taTHTng  the  bistetrahydrofuran  ring  system  central  to  the  compounds  and  a 
second  intermediate  containing  the  lactone  moiety.  The  synthesis  of  the 
bistetrahydrofuran  intermediate  is  being  carried  out  by  the  acid  catalyzed 
cyclization  of  (S)-6-epoxy-3-hydroxyheptene  which  was  prepared  from  1,6- 
heptadien-3-one.  The  second  tetrahydrofuran  ring  will  then  be  constructed  at 
the  terminus  of  the  first  ring.  The  other  major  synthon  for  the  synthesis  of 
these  two  principles  has  been  constructed  from  y-valerolactone  via  an  inter- 
molecular  di anion  reaction. 
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STRUCTURE  OF  DICHLOROBIS (ti^-ISOPROPYLCYCLOPENTADIENYL)TITANIUM (IV)  AND  THE  ALKY¬ 
LATION  OF  CARBON-CARBON  MULTIPLE  BONDS  VIA  SUBSTITUTED  Cp2TiCl2-0RGAN0ALANE  RE¬ 
AGENTS.  D.W.  Thompson,  T.F.  Ball,  Chemistry  Department,  College  of  William  and 
Mary,  Williamsburg,  Virginia  23185  and  G.P.  McQuillan  and  R.A.  Howie.  Dichlorobis 
(n ^-isopropylcyclopent adienyl) t itanium (IV)  is  orthorhombic,  space  group  Ccmm  (a 
non-standard  setting  of  Cmcm)  with  a=6. 808(4),  b=ll. 618 (11) ,  c=20.495 (2l)S.  A 
crystal  structure  determination  (R „ ,  =4.71%)  shows  the  molecule  to  have  Czv 

symmetry  with  the  isopropyl  groups  eclipsed  immediately  above  and  below  the  Ti 
CI2  group.  Comparisons  with  published  structures  for  related  compounds  suggest 
that  this  C2V  structure,  or  something  very  close  to  it,  is  preferred  by  compounds 
containing  monosubstituted  cyclopentadienyl  ligands,  unless  excluded  by  overrid¬ 
ing  steric  problems.  The  cyclopentadienyl  ring  is  slightly  displaced  in  a  dir¬ 
ection  which  increases  the  distance  between  the  titanium  atom  and  the  substitu¬ 
ted  carbon  atom:  a  similar  effect  is  observed  in  a  number  of  related  molecules. 

SYNTHESIS  OF  SELECTED  4-HALOBENZOPYRANS , 4-HALOTETRAHYDROPYRANS ,  AND  4-HALO-5,6- 
DIHYDRO-2H-PYRANS  VIA  THE  LEWIS  ACID  PROMOTED  CYCLIZATION  OF  ACETALS  OF  HOMO- 
ALLYLIC  AND  HOMOPROP ARGYL I C  ALCOHOLS.  D.W.  Thompson,  T.F.  Ball,  D.L.  Mohler  and 
M.L.  Melany,  Department  of  Chemistry,  College  of  William  and  Mary,  Williamsburg, 
Virginia  23185.  The  synthesis  of  the  title  compounds  involves  a  TiX4,  X=Cl,Br, 
promoted  cyclization  of  acetals  derived  from  ethyl  vinyl  ether,  MEM  chloride, and 
3 ,4-dihydro-2H-pyran  with  appropriate  unsaturated  alcohols  including  3-buten-l- 
ol,  1-allylcyclohexanol ,  trans-2-vinylcyclohexanol ,  and  the  alkynol  analogues. 

The  reaction  pathway  reasonably  involves  a  cation-olefin  cyclization  step  as  il¬ 
lustrated  below. 


XANTHINE  OXIDASE:  A  MULTIFUNCTIONAL  FACILITATOR  OF  IRON  METABOLISM.  R.W.Topham 
M.C.  Walker,  M.P.  Calisch,  and  S.A.  Joslin,  Dept,  of  Chem.  Univ.  of  Richmond,  VA 
23173.  Xanthine  oxidase  has  been  identified  as  the  source  of  intestinal  ferro- 
xidase  activity.  ^  vivo  studies  suggest  that  intestinal  xanthine  oxidase  faci¬ 
litates  the  transcellular  transport  of  iron  in  the  mucosal  cell  by  promoting  its 
oxidative  incorporation  into  mucosal  transferrin.  In  contrast  to  the  enzyme  of 
intestinal  mucosa,  the  xanthine  oxidase  of  liver  tissue  exists  almost  exclusivd.y 
in  the  form  of  a  dehydrogenase  and  it  has  previously  been  shown  that  this  form 
of  the  enzyme  possesses  ferritin  reductase  activity  rather  than  ferroxidase 
activity.  ^  vivo  studies  suggest  that  liver  xanthine  dehydrogenase  facilitates 
the  mobilization  of  iron  from  liver  stores  by  promoting  the  reductive  release  of 
iron  from  ferritin.  Thus,  the  form  in  which  the  enzyme  exists  in  a  tissue  could 
be  extremely  important  in  determining  its  role  in  iron  metabolism.  This  work 
was  supported  by  research  grants  from  the  Jeffress  Memorial  Trust  (J-15)  and  the 
National  Institutes  of  Health  (AM20148) . 
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ANALYSIS  OF  THIN  LIQUID  FILMS  ON  SOLID  SURFACES.  H.  F.  Webster  II*~and 
Nightman,  Chem.  Dept.,  Va.  Tech,  Blacksburg,  VA  24U6 1 .  The  i ntera“c tion  of  thin 
liquid  films  with  solid  surfaces  is  of  fundamental  interest  with  applications 
in  a  number  of  areas  including  contamination.  X-ray  ohotoelectron  spectroscopy 
(XPS),  Fourier  transform  infrared  spectroscopy  (FT-IR)  and  contact  angle 
analysis  have  been  used  to  investigate  nitrocellulose  lacquered  substrates 
covered  with  thin  films  of  silicone  fluid.  Due  to  the  inability  of  FT-IR  to 
distinguish  betv/een  the  surface  films  and  a  bulk  lacquer  substrate,  a  new  method 
of  generating  a  suitable  base  lacquer  was  developed.  By  casting  dilutions  of 
nitrocellulose  lacquer  on  metal  substrates,  the  base  properties  could  be  pre¬ 
served  while  allowing  more  detailed  analysis  of  surface  films  by  FT-IR.  Dilu¬ 
tions  of  0.25  -  0.50%(w/w)  seemed  to  optimize  the  ability  to  detect  silicone 
films  by  FT-IR  while  minimizing  lacquer  breakdown  as  determined  by  XPS.  [The 
support  of  Johnson  Wax  is  acknowledged] 

THE  SYNTHESIS  AND  SPECTRAL  CHARACTERISTICS  OF  A  SERIES  OF  1-ARYL -1-ALKYLTETRA- 
CHLOROCYCLOTRIPHOSPHAZENES.  Kenneth  B.  Williams*  and  Paul  J.  Harris,  Virginia 
Polytechnic  Institute  and  State  University,  Blacksburg,  VA  24061.  A  series  of 
m-  and  p-  substituted  aryl-phosphazenes  have  been  synthesized  by  the  reaction 
of  the  corresponding  aryl  Grignard  reagent  with  monomethyl pentachlorocycl o- 
triphosphazene.  The  structural  characterization  of  these  molecules,  and  the 
nature  of  the  interaction  between  the  phosphazene  and  the  aryl  group  will  be 
discussed . 

NEW  CKELATING  SPECIES  AS  NEUROMUSCULAR  BLOCKERS;  R .  L. 

Williams  and  Tamara  Drory,  Dep't.  of  Chemical  Sciences,  Old  Dominion 
University,  Norfolk,  VA  23508.  Recently  we  have  investigated  the  synthesis 
of  several  2 ,2 '-dipyridylbenzimidazolines  (1)  by  the  condensation  of  o- 
phenylene diamine  with  2 , 2 '-dipyridylketone  as  a  part  of  our  continued 
interest  in  heterocyclic  chelating  agents  as  potential  neuromuscular  blocking 
agents.  The  synthesis,  reactions  and  biological  evaluation  of  these  com¬ 
pounds  and  their  respective  iron  complexes  will  be  discussed. 


SEPARATION  AND  IDENTIFICATION  OF  COMPONENTS  IN  OLIBANUM  ABSOLUTE.  Laura  E. 
Wilson  &  Elizabeth  M.  Hairfield,  John  Baker  Baffin  Lab.  of  Chem.,  Mary  Baldwin 
Col.,  Staunton,  Va,  24401.  Olibanum  which  is  used  commercially  in  this  country 
in  the  perfume  industry  and  in  incense  manufacturing  comes  from  three  coun¬ 
tries,  India,  Eritrea,  and  Somalia.  These  olibanum  resins  vary  in  their  prop¬ 
erties  and  it  is  also  probable  that  they  differ  in  their  botanical  origin 
(species).  This  research  involves  isolating  and  identifying  certain  charac¬ 
teristic  compounds  in  the  absolute  of  the  olibanum  from  Eritrea.  Flash  chro¬ 
matography,  thin  layer  chromatography  and  spectroscopic  studies  were  performed 
to  classify  one  characteristic  compound  in  the  ERITREA  olibanum.  Results 
obtained  showed  that  this  compound  is  an  aliphatic  ester  and  is  probably 
n-octyl  acetate. 
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THE  1984  VERSION  OF  AN  APPLE  A  DAY.  John  H.  Wise,  Dept,  of  Chem. , 

Washington  and  Lee  Univ. ,  Lexington,  Va.  24450.  This  paper  continues 
the  applications  of  an  APPLE  microcomputer  in  the  chemistry  program 
at  Washington  and  Lee.  Enhancements  in  hardware  are  a  printer  and  an 
ADALAB  interface.  A  number  of  programs  have  been  revised  to  incorporate 
printer  output,  several  new  programs  make  use  of  the  interface,  and 
many  other  new  programs  have  been  added  to  the  repertoire.  Particular 
emphasis  will  be  given  to  a  group  of  tutorial  and  drill  programs  and  to 
the  set  of  programs  for  the  quantitative  analysis  course. 

CHARACTERIZATION  OF  FISCHER-TROPSCH  DERIVED  LIQUID  HYDROCARBONS  BY  INFRARED 
SPECTROSCOPY  AND  FIA  CHROMATOGRAPHY.  Ellis  B.  Zuckerman  and  Gordon  A. 
Nelson,  Department  of  Chemistry,  Va.  Commonwealth  Univ. ,  Ri chmond ,  VA  23284. 
The  development  of  supported  metal  catalysts  for  the  selective  conversion  of 
coal-derived  synthesis  gas  (CO  +  Hg)  to  liquid  hydrocarbon  fuels  is  currently 
an  active  area  of  research.  In  order  to  establish  the  relationship  between 
the  nature  of  the  catalyst  and  the  product  composition,  careful  analysis  of 
the  liquid  hydrocarbon  product  is  necessary.  This  paper  will  describe  the 
application  of  infrared  (IR)  spectroscopy  for  characterization  and  quantifi¬ 
cation  of  aromatics  and  olefins  present  in  liquids  obtained  by  using 
zeolite-supported  metal  catalysts.  Samples  were  studied  in  CSg  solution;  a- 
and  3-olefins  and  substituted  aromatics  were  employed  as  standards.  The  out 
of  plane  C-H  bending  modes  (600-900  cm"i)  were  used  for  identification. 
Comparison  between  the  results  obtained  from  the  IR  technique  with  those  from 
^H  NMR  spectroscopy  and  fluorescent  indicator  adsorption  (FIA)  chromatography 
will  be  made. 


Education  Section 

USING  THE  GREAT  SMOKY  MOUNTAINS  NATIONAL  PARK  AS  A  NATURAL  LABORATORY  FOR  GENERAL 
BIOLOGY.  H .  S .  Adams  and  M.  L.  Lipford*,  D.  S.  Lancaster  Cmnty.  Col.,  Clifton 
Forge,  VA  24422 .  The  Great  Smoky  Mountains  National  Park  protects  a  diversity  of 
plant  and  animal  life  unequaled  by  any  other  localized  region  in  eastern  North 
America.  This  largest  remnant  of  undisturbed  Appalachian  forest  provides  a  con¬ 
tinuum  of  communities  ranging  from  xeric  pine  to  temperate  rain  forest  along  the 
moisture  gradient,  and  from  deciduous  to  spruce-fir  forest  along  the  elevational 
gradient.  As  a  fitting  conclusion  to  a  year  of  biological  study,  we  use  this 
unique  refuge  to:  (a)  afford  students  opportunity  to  study  in  the  "non-walled" 
laboratory  of  outdoors,  where  variables  are  not  controllable  and  resulting  com¬ 
plexities  can  be  experienced  directly,  and  (b)  exemplify  biological  principles 
from  cell  to  ecosystem  levels  of  organization.  Activities  involve  investigating 
various  stream  and  terrestrial  ecosystems,  including  comparison  of  virgin  and 
successional  plant  communities. 

SCIENCE  EDUCATION  AFTER  THE  COMMISSION  REPORTS.  Michael  L. 

Bentley,  Sch.  of  Education,  Univ.  of  Va. ,  Charlottesville,  VA 
22903  &  Gregory  Eckles,  Supervisor  of  Science,  Albemarle  Co. 

Schools,  Charlottesville,  VA  22901.  Science  education  has 
become  a  prominent  public  policy  issue  since  the  publication 
in  the  last  two  years  of  state  and  national  reports  of  study 
commissions.  While  each  report  had  a  unique  context  and  focus, 
some  common  themes  appear  frequently.  These  themes  are  discussed 
and  recommendations  are  critiqued.  It  is  concluded  that  science 
education  curriculum  issues  are  largely  ignored  in  the  reports, 
and  that  these  issues  are  significant.  It  is  agreed  that 
improved  science  education  requires  improved  teacher  salaries 
but  it  is  also  recommended  that  working  conditions  for  teachers 
be  improved.  The  authors  represent  the  Virginia  Science 
Supervisors  Association. 
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DEVELOPMENT  AND  USE  OF  AUTOTUTORIAL  SLIDE  MODULES  FOR  PLANT  PATHOLOGY  INSTRUC¬ 
TION.  A.B.A.M.  Baudoin  and  S.  Kularatne*,  Dept,  of  Plant  Path.,  Physiol,  and 
Weed  Science,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  VA  24061. 
Learning  to  recognize  diagnostic  features  of  plant  diseases  is  a  major  goal  of 
plant  pathology  courses.  To  improve  learning  and  retention  of  such  visual 
information,  two  autotutorial  slide  modules  were  developed  for  an  introductory 
plant  pathology  course.  One  covered  the  symptoms  of  plant  diseases,  the  other 
the  characteristics  of  plant  pathogenic  agents.  The  first  part  of  each  module 
shows  the  material  and  explains  it  in  the  script.  The  second  part  shows  differ¬ 
ent  variations  of  the  same  material,  but  the  script  asks  questions  about  each 
slide.  This  approach  allows  the  student  to  test  his  mastery  of  the  material  and 
presents  additional  variations  of  each  symptom  or  structure.  The  slide  modules 
were  placed  in  the  library  where  carrels  with  projectors  and  screens  were  avail¬ 
able.  When  polled,  66  and  55%  of  the  students  rated  1  and  2,  respectively, 
as  very  worthwhile  and  the  remainder  rated  them  as  somewhat  worthwhile. 

A  MULTI-PURPOSE  APPLICATION  OF  THE  COMPUTER  IN  CHEMISTRY  INSTRUCTION. 

James  D.  Beck,  Dept,  of  Chemistry,  Va.  State  Univ.,  Petersburg,  Va.  23803. 
Computer-assisted  instruction  in  chemistry  takes  many  forms:  drill  programs, 
tutorials,  simulations,  games,  problem  set  and  test  generators,  pre-  and 
post-laboratory  exercises,  on-line  demonstrations.  It  is  possible  to  link  a 
number  of  these  applications  into  an  integrated  system.  The  software  to  be 
described  provides  diagnosis  and  prescription  through  on-line  pre-tests  and 
off-line  problem  sets.  Options  permit  the  generation  of  additional  exercises 
and  the  use  of  other  computer-based  activities  such  as  drill  programs  and 
simulations.  Although  the  system  is  designed  primarily  to  provide  useful 
feedback  to  individual  students,  it  may  also  be  used  to  generate  classroom 
tests. 

MICROCOMPUTERS  IN  CHEMISTRY  INSTRUCTION:  AN  UPDATE  ON  METHODS  AND  MATERIALS. 
James  D.  Beck,  Dept,  of  Chemistry,  Va.  State  Univ.,  Petersburg,  Va.  23803. 

The  ubiquitous  microcomputer  is  having  a  major  impact  on  chemistry  instruction 
at  both  the  secondary  school  level  and  in  colleges  and  universities.  Software 
for  computer-assisted  instruction  in  chemistry  is  now  available  from  a  number 
of  individuals,  publishing  companies,  and  software  vendors.  While  many  of  the 
available  programs  are  of  the  drill-and-practice  type,  there  is  a  trend  toward 
more  sophisticated  kinds  of  software,  including  simulations,  tutorials,  and 
learning  games.  Book  publishers  are  now  providing  CAI  packages  as  supplements 
to  their  textbooks.  Information  on  computer  software  and  its  utilization  in 
chemistry  instruction  can  be  obtained  in  the  "Computers  in  Chemical  Education 
Newsletter"  published  by  the  ACS  Division  of  Chemical  Education.  The  computer 
series  which  appears  in  the  Journal  of  Chemical  Education  and  Project  Sera¬ 
phim,  directed  by  John  Moore  and  J.J.  Lagowski,  are  other  excellent  resources. 

DIFFERENTIATION  OF  VIRGINIA’S  SCIENCE  SOT  FOR  LEARNER  NEEDS,  Julia  H.  Cothron, 
Hanover  County  School  Board,  Ashland,  VA  23005,  Junior-high  teachers 
participated  in  a  program  designed  to  increase  ability  to  design  differentiated 
instruction  based  upon  the  State  SOL  Program.  Major  components  were  a 
six-day  inservice  and  development  of  instructional  guides.  Analysis  of 
variance  and  descriptive  statistics  were  used  to  analyze  data  from  an 
objective  test,  rating  sheets,  and  questionnaires.  Major  findings  were: 
a)  the  inservice  was  high  quality,  b)  over  the  short  term  the  teachers 
showed  an  increased  ability  to  identify  appropriate  instruction,  c)  teachers 
could  design  differentiated  guides,  and  d)  the  project  was  positively 
received.  The  external  evaluator  concluded  that  the  project  was 
successful.  A  major  recommendation  was  that  the  program  should  be 
disseminated  to  other  Virginia  School  Divisions. 
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WILL  STUDENTS  PASS  IF  WE  WANT  THEM  TO?  Calvin  C.  Green,  Jef f erson-Huguenot- 
Wythe  Hi.  Sch. ,  Richmond,  VA  23230.  An  attempt  to  design  effective  and  pro¬ 
fessionally  acceptable  programs  has  been  made  using  Curriculum  Frameworks 
and  city-wide  exams  for  each  subject.  Because  of  the  persistently  high  fail¬ 
ure  rate  on  the  city-wide  exams  the  writer  sought  to  predict  the  outcome  of 
the  First  Semester  exams  in  order  to  improve  his  evaluation  of  the  instruc¬ 
tional  program.  Each  science  teacher  was  observed  thrice  within  a  three-week 
period  just  prior  to  the  exam  week,  using  the  same  class  period  for  each  of 
the  three  observations.  After  each  observation  the  writer  predicted  the  per¬ 
cent  of  the  students  who  would  pass  the  semester  exams,  which  were  given  in 
two  parts:  a  lab  exam  and  a  written  exam.  The  lab  exam  was  keyed  and  graded 
by  the  teachers.  The  percent  of  students  passing  was  recorded.  Based  on  the 
observations  and  the  lab  exams  the  percent  of  students  who  would  pass  the 
written  exams  was  predicted.  For  the  22- teacher  department  the  writer  pre¬ 
dicted  that  only  one  class  would  have  70%  or  better  passing.  The  actual  re¬ 
sults  showed  that  one  class  fell  into  this  category,  but  it  was  not  the  class 
predicted.  The  predictions  ranged  from  10%-70%  passing,  and  the  actual  re¬ 
sults  showed  0%-65%  passing,  with  one  exception.  The  predictions  were  sta¬ 
tistically  related  to  the  results. 

SEARCHING  FOR  ANSWERS  IN  SCIENCE  EDUCATION  -  A  RANDOM  OR  RATIONAL  PROCESS? 
Alvin  M.  Pettus,  Col.  of  Education,  Va.  Polytechnic  Inst.  &  State  Univ., 
Blacksburg,  VA  24061.  A  number  of  recent  reports  by  individuals  and  groups 
have  decried  the  status  of  science  education  in  the  U.S.  and  have  provided 
recommendations  for  improving  the  science  instruction  received  by  young 
people  in  the  schools.  The  solutions  recommended  in  the  reports  were  iden¬ 
tified  and  discussed  relative  to  their  efficacies  for  improving  science 
education.  The  solutions  were  judged  based  on  the  author’s  "rationally" 
derived  approach  to  determining  their  potential  to  enhance  the  status  and 
effects  of  science  education.  The  author  outlined  hypothetical  situations 
which  would  result  from  applying  identified  solutions  in  the  context  of 
present  school  and  societal  conditions. 

EDUCATION  IN  THE  SOVIET  UNION.  M.  Leroy  Spearman,  NASA  Langley  Research 

Center,  Hampton,  VA  23665.  The  Soviet  Union  recognizes  that  the  foundation 
of  their  system  depends  upon  complete  dedication  of  the  people  to  the  state 
through  thorough  psychological  training  as  well  as  through  military  training, 
and  through  specialized  education  in  the  broad  fields  of  engineering,  natural 
sciences,  life  sciences,  social  sciences,  and  education. 

An  outline  of  the  U.S.S.R.  educational  system  indicates  the  extent  of 
academic  training,  coupled  with  on-the-job  and  military  training,  that  can 
produce  a  highly  skilled,  dedicated,  and  matured  person. 

FIELD  INVESTIGATIONS  IN  THE  ESTUARINE  ENVIRONMENT.  William  S.  Portlock,  The 
Chesapeake  Bay  Foundation,  II  S.  12th  St.,  Richmond,  VA  23219.  The  Chesa¬ 
peake  Bay  Fndn. ,  in  cooperation  with  the  Mathematics  and  Science  Center  and 
partially  funded  by  a  marine  science  education  grant  from  the  Va.  Dept,  of 
Education,  conducts  field  studies  on  tidal  rivers,  creeks  and  wetlands  with 
students  from  Va's  public  and  private  schools.  Teacher  workshops,  slide- 
seminars  and  a  pre-field  trip  curriculum,  based  on  Va's  standards  of  Learning, 
are  provided  participants  prior  to  the  field  trip.  Field  activities  are  de¬ 
signed  to  acquaint  students  with  the  chemical,  physical,  biological  and  ecol¬ 
ogical  parameters  that  define  the  estuary.  Students  measure  dissolved  oxygen, 
salinity,  air  and  water  temperatures,  ph,  phosphate,  nitrate  and  chlorine; 
collect  and  identify  aquatic  specimens  using  seine,  cast,  plankton  and  fyke 
nets;  identify  intertidal  plant  communities  and  observe  birds  and  mammals 
during  the  course  of  their  ecological  inventory. 
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LAUNCH  AND  LAND  Elizabeth  M.  Waring,  Mathematics  and  Science  Center,  2401  Hart¬ 
man  Street,  Richmond,  VA  23223.  The  Space  Shuttle  Student  Involvement  Pro¬ 
gram  sponsored  jointly  by  NSTA  and  NASA,  provides  an  opportunity  for  students 
in  grades  9-12  to  propose  experiments  suitable  for  possible  flight  aboard  the 
Space  Shuttle,  and  where  appropriate,  for  performance  by  the  astronauts.  The 
competition  is  announced  in  the  fall  and  winners  are  selected  the  following 
spring.  Judges  consider  creativity  and  projects  uniquely  suited  to  the  micro¬ 
gravity  environment  of  the  shuttle.  Regional  winners  and  the  teacher  sponsors 
attend  a  symposium  at  a  NASA  center.  National  winners  work  with  NASA  person¬ 
nel,  engineers,  corporate  sponsors,  scientists  and  astronauts  to  prepare  the 
projects  for  flight. 


Environmental  Science  Section 

HABITAT  AVAILABILITY  FOR  LApGF.MH'JTH  BASS  AND  STRIPED  BASS  IN  A  RESERVOIR  RECEIV¬ 
ING  HEATED  EFFLUENT  IN  VIRGINIA.  Joyce  L.  Barton,  Virninia  Electric  S  Power  Co. 
Mineral,  Va.  23117.  Operatinq  conditions  at  the  North  Anna  Power  Station  par¬ 
allel  the  amount  of  thermal  enrichment  to  Lake  Anna.  From  Mav  to  August  in  1982 
the  station  averaged  less  than  15^  generating  capacity  with  stratification  pat¬ 
terns  for  temperature  and  oxvgen  similar  to  preoperat iona 1  data.  The  following 
year  from  May  to  August  the  station  operated  at  greater  than  capacity. 
Largemouth  bass,  indigenous  to  Lake  Anna,  eniov  an  enlargement  of  their  pre¬ 
ferred  living  space  due  to  thermal  enrichment.  The  more  temperature  sensitive 
striped  bass,  stocked  in  Lake  Anna,  are  probably  faced  v^/ith  a  restricted  habitat 
according  to  what  studies  have  shown  to  be  their  physiological  requirements.  It 
is  significant  to  note  that  this  habitat  snueeze  is  evident  in  preoperat ional 
data,  also  that  even  with  near  maximum  operating  conditions,  strined  bass  die¬ 
offs  were  not  observed.  Additional  studies  will  further  distinnuish  normal  sea¬ 
sonal  characteristics  of  the  water  column  from  station  induced  thermal  effects. 

ANALYSIS  OF  THE  CATCH  FROM  A  POINT  NET  NEAR  CAPE  HENRY  FOR  THE  TEN  YEAR  PERIOD 
1973-1982.  R.  L.  Bedenbaugh* ,  R.  S.  Birdsong*,  and  R.  D.  Owen*,  Dept,  of 
Biolog,  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.,  23508.  Catch  records  for  the 
ten  year  period  1973-1982  were  obtained  from  owner  log  books  for  a  pound  net 
Located  near  Cape  Henry,  The  data  were  analyzed  for  trends  in  abundance  of 
species  of  commercial  importance.  The  results  of  the  analysis  are  presented 
nere,  with  many  species  showing  a  decline  in  abundance,  while  some  show  slight 
increases.  The  general  trend  observed,  however,  is  an  overall  decrease  in 
abundance  of  commercially  important  species  in  the  Bay  area  near  Cape  Henry. 

OBJECTIVE  TEMPERATURE  AND  PRECIPITATION  FORECASTING  TECHNIQUES  FOR 
CHARLOTTESVILLE,  VIRGINIA*  Catherine  A*  Carlson*,  Dept,  of  Env.  Sci.,  Univ.  of 
Va. ,  Charlottesville,  Va.  22903. 

Temperature  and  precipitation  data  were  obtained  from  National  Weather  Service 
maps.  Maximum  and  minimum  temperatures  were  compared  to  the  1000-500  mb 
thickness  (air  mass  temperature) ,  and  twenty-four  hour  precipitation  amounts 
were  compared  to  dynamically  predicted  precipitation  amounts  from  the 
operational  prediction  model.  Temperatures  were  found  to  be  affected  by  wind 
direction  where  easterly  winds  produced  upslope  cooling  and  westerly  winds 
produced  downslope  warming.  Precipitation  amounts  were  found  to  be  negatively 
correlated  to  the  pressure  error  in  the  operational  prediction  model.  Results 
from  both  analyses  showed  that  orographic  processes  affect  observed  temperature 
and  precipitation  substantially.  (This  work  is  part  of  the  author's 
undergraduate  research  project)  . 
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EFFECTS  OF  ROAD  DEICING  SALTS  ON  BENTHIC  INSECT  COMMUNITIES.  Christopher  C. 

Clark  and  R.  Christian  Jones,  Dept,  of  Biology,  George  Mason  Univ.,  Fairfax, 

Va.  22030.  Road  salts  were  “examined  as  a  possible  stress  factor  for  macroin¬ 
vertebrates  living  in  small  streams  in  Northern  Virginia.  Conductivity  was 
used  to  approximate  road  salt  concentrations  in  the  streams.  Salt  concentra¬ 
tions  were  highest  during  thaws  following  small  snowstorms.  The  maximum  salt 
concentration  detected  was  9000  mg/1  in  a  small  tributary  draining  an  inter¬ 
state  highway.  Urban  streams  with  low  baseflows  had  the  highest  salt  concen¬ 
trations.  Comparison  of  salt  levels  with  diversity  of  macroinvertebrate 
communities  sampled  the  previous  summer  revealed  a  negative  relationship 
between  diversity  and  road  salt  levels.  Twenty-four  hour  drift  samples 
collected  during  snow  melt  showed  greater  numbers  of  organisms  than  those 
collected  either  before  or  after  such  periods.  Artificial  stream  tank 
experiments  yielded  increased  drift  by  several  species  when  salt  concentrations 
exceeded  3000  mg/1.  These  results  suggest  that  road  salt  stress  may  modify 
stream  insect  communities  particularly  in  small  urban  streams. 

MESOSCALE  PRECIPITATION  PATTERNS  ASSOCIATED  WITH  VIRGINIA  SUMMERTIME  FRONTAL 
PASSAGES,  Stephen  J.  Colucci,  Dept.  of  Env.  Sci.,  Univ,  of  Va. , 
Charlottesville,  Va.  22903. 

A  volunteer  weather  observation  network,  consisting  of  150  observers  statewide, 
has  been  established  with  the  purpose  of  providing  information  on  the  detailed 
aspects  of  Virginia’s  weather  and  climate  not  available  from  conventional  data 
sources.  Analysis  of  the  network  data  during  the  summer  of  1983  suggests  that 
there  was  important  mesoscale  organization  of  precipitation  associated  with 
surface  cold  fronts.  Southward  moving  cold  fronts  tended  to  produce  their 
heaviest  precipitation  just  east  of  the  Blue  Ridge  Mts.,  while  eastward  moving 
fronts  were  associated  with  heaviest  precipitation  closer  to  the  coast.  It  is 
hypothesized  that  the  interaction  of  southward  moving  fronts  with  the  Blue 
Ridge  Mts.  creates  a  mesoscale  low  pressure  trough  just  east  of  the  mountains 
in  which  thunderstorms  are  concentrated;  this  trough  does  not  form  with 
eastward  moving  fronts.  It  is  further  hypothesized  that  the  Blue  Ridge  Mts. 
act  to  weaken  the  thunderstorms  associated  with  eastward  moving  fronts,  so  that 
storm  induced  precipitation  in  these  cases  is  reduced  east  of  the  Blue  Ridge 
relative  to  other  locations.  (Supported  by  a  grant  from  the  Va.  Academy  of 
Science) 


SYNOPTIC  SURVEY  OF  HEADWATER  STREAMS  IN  SHENANDOAH  NATIONAL  PARK.,  VA. ,  TO  EVAL¬ 
UATE  SENSITIVITY  TO  ACIDIFICATION  BY  ACID  DEP03’I0N.  Nancy  B.  Dise*  Dept,  of 
Envir.  Sci.,  Univ.  of  Va.,  Charlottesville,  Va.,  22903,  &  D.D.  Lyncht  U.S.  Geo¬ 
logical  Survey,  200  W.  Grace  S-t. ,  Richmond,  Va.,  23220.  A  water  chemistry  sur¬ 
vey  of  streams  draining  the  Shenandoah  Nat.  Park,  Va.  was  undertaken  to  evalu¬ 
ate  sensitivity  to  acid  deposition.  56  watersheds  representing  ca.  70%  of  the 
Park  area  were  sampled  six  times  from  Aug.,  1981  to  June,  1982.  Nearly  all  of 
the  streams  sampled  show  alkalinity  values  below  200  i(eq/l  during  at  least  part 
of  the  year.  Chemistry  segregates  strongly  according  to  bedrock  type,  with  the 
lowest  alkalinity  streams  associated  with  highly  weathered  siliceous  bedrocks. 

A  comparison  of  observed  pH  with  that  calculated  through  theoretical  carbonic 
acid  reactions  indicates  a  deviation  of  pH  from  the  theoretical  in  nearly  all 
the  basins  draining  thesesi 1 i ceous  bedrocks.  The  response  to  acid  deposition  in 
Park  watersheds  is  probably  a  combination  of  increased  leaching  of  base  cations 
and  decreased  alkalinity. 
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CAPS:  A  COMPUTER-AIDED  PRESCRIPTION  SYSTEM  FOR  WATERSHEDS  IN  SOUTHWESTERN 
VIRGINIA.  Robert  H.  Giles,  Dept,  of  Fisheries  &  Wildl.  Sciences,  VPI  &  SU, 
Blacksburg,  Va.  24061.  CAPS  is  a  general-purpose  system  being  created  to 
analyze  and  prescribe  treatments  of  various  natural  resource  areas.  Units 
begun  or  planned  are  those  for  watersheds,  forests,  wildlife  areas,  mines, 
ponds,  and  urban  yards.  CAPS  -  Watershed  has  been  designed  for  Soil  Conserva¬ 
tion  Service  analyses  of  intermediate-sized  watersheds  or  basins  of  about  6,000 
ha.  It  is  a  computer  system  that  creates  a  book  for  a  manager  of  a  specific 
area.  Using  a  complex  IBM  mainframe  word  processor  system,  the  system  calls 
for  numbers  to  fill  in  the  blanks  from  various  subprograms  and  data  sources. 

The  book  is  the  system  output  but  the  book  is  "the  system"  dynamically  changing 
and  expanding  to  improve  watershed  management  in  the  state. 

THE  GEODESIC  GROUP:  A  SYSTEMS  SOLUTION  TO  VIRGINIA  COALFIELD  PROBLEMS.  Robert 
H.  Giles,  Jr.,  Dept,  of  Fisheries  &  Wildl.  Sciences,  VPI  &  SU,  Blacksburg,  Va. 
24061.  A  unique  concept  for  a  organization  is  proposed  to  aid  in  solving  the 
environmental  and  socioeconomic  problems  of  the  7-county  Virginia  coalfield. 
Twelve  major  enterprises,  all  resource  based,  are  visualized  as  nested  tetra- 
hedronal  systems.  Principles  of  ecosystem  management  are  employed  in  devising 
a  stable  system.  Diversity  and  substitutability;  minimum  waste;  feedback 
systems;  cybernetic  control  based  on  citizen  objectives;  site,  resource,  and 
temporal  specificity;  and  net  energy  budgeting  are  employed  in  the  design. 

Modern  concepts  of  citizen  participation  in  objectives-formulation  are  used. 
Continuing  the  coal  industry,  the  Group  seeks  to  provide  a  profit-oriented, 
non-governmental  solution  to  the  people  of  a  region  already  facing  major  pro¬ 
blems  and  constraints.  The  Group,  it  is  suggested,  can  enable  substantial 
improvements  in  the  region. 

SOME  EFFECTS  OF  PAH- CONTAMINATED  ELIZABETH  RIVER  SEDIMENTS  ON  FISH.  W.  J. 

Hargis ,  Jr.  and  D.  E.  Zwerner*,  VIMS/W&M,  Gloucester  Pt.,  VA  23062.  Skin 
lesions,  fin  erosion  and  hyperaemia  were  found  in  hogchoker  (Trinectes 
maculatus,  oyster  toadfish  (Opsanus  tau) ,  Atlantic  croaker  (Micropogonias 
undulatus) ,  spot  (Leiostomus  xanthurus)  and  weakfish  (Cynoscion  regalis) i 
cataracts  were  found  only  in  the  last  3  —  the  Sciaenidae,  Tissue  sections 
of  certain  individuals  of  each  species  showed  hyperplasia  and  lamellar 
disruption  (gills),  focal  necrosis  and  muralia  disorganization  (liver), 
vessel  congestion  and  degeneration  of  tubular  epithelium  (kidneys) ,  cortical 
disruptions  in  eye  lenses  and  other  lesions.  These  external  and  internal 
disease  signs  were  positively  associated  with  an  Elizabeth  River  station  with 
sediments  highly  contaminated  by  PAH’s. 

The  heavily  contaminated  Elizabeth  is  an  excellent  laboratory  to  study  effects 
of  contaminants  on  fishes.  Thanks  are  due  to  M.  E.  Bender,  J.  A.  Colvocoresses, 
R.  J.  Huggett,  and  J.  E.  War inner  and  others  working  on  the  project. 

PROGRESS  IN  PREDICTION  OF  BLUE  CRAB  HARVEST  IN  CHESAPEAKE  BAY. 

Donald  R,  Johnson,  Dept,  of  Ocean,,  Old  Dominion  Univ. , 

Norfolk,  VA  23508,  The  blue  crab  fishery  of  Chesapeake  Bay 
experiences  strong  interannual  fluctuations  which  result  in 
economic  hardship  for  the  industry.  Studies  designed  to 
understand  these  fluctuations  have  indicated  a  critical  relation 
between  wind  stress,  which  governs  the  dispersal  of  larvae  on  the 
continental  shelf,  and  subsequent  recruitment  back  into  the  bay. 

Based  upon  a  wind  index,  we  are  hopeful  of  predicting  future  year 
class  strength  of  the  blue  crab  population. 
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SEASONAL  PHYTOPLANKTON  DOMINANTS  IN  THE  LOWER  CHESAPEAKE  BAY  AND  HAI4PTON  ROADS. 

R.  Lacouture* ,  D.  A.  Randolph*,  and  H.  G.  Marshall,  Dept.  Biological  Sci.,  Old 
Dominion  Univ.,  Norfolk,  Va.  23508.  Results  of  a  22  month  study  made  compari¬ 
sons  of  phytoplankton  populations  and  seasonal  succession  patterns  at  seven 
stations  in  Hampton  Roads  and  the  lower  Chesapeake  Bay,  A  total  of  234  phyto- 
plankters  were  identified  with  highest  concentrations  found  during  spring  and 
fall,  and  in  Hampton  Roads,  followed  by  the  lower  Bay,  with  lowest  concentra¬ 
tions  in  winter.  Vertical  differences  in  concentrations  were  slight  at  each 
station.  Diatoms  and  a  picoplankton  complex  of  cyanobacteria  and  chlorophytes 
dominated  the  samples,  with  the  major  diatoms  Sheletonema  costatum , 
Leptooyli-ndrus  danicus ,  and  AstevioneHa  glacialis .  Cell  biomass  patterns  fol¬ 
lowed  the  concentration  patterns,  and  changes  associated  with  diatom  succession, 
with  lowest  biomass  in  summer.  Cryptomonad  counts  were  greater  when  Lugols  was 
used  instead  of  buffered  formalin.  (Supported  by  the  U.S.  Army  Corps  of 
Engineers. ) 

EFFECT  OF  3-TRIFLIJUROMETHyL-4-NITROPHENOLCrFM)  ON  THE  STRUCTURE  AND  FUNCTION  OF 
PROTOZOAN  COMMUNITIES  ESTABLISHED  ON  ARTIFICIAL  SUBSTRATES.  Paul  V.  McCormick, 

J.  R.  Pratt*,  and  J.  Cairns,  Jr.,  Dept,  of  Biology  and  Ctr.  for  Environmental 
Studies,  VPI  &  SU,  Blacksburg,  Va.  24061.  A  pair  of  multispecies  tests  were 
employed  to  evaluate  the  toxicity  of  the  lamprycide  TFM  to  protozoan  communities. 
Results  of  a  24h  displacement  test  showed  a  significant  difference  in  percent 
species  survival  between  concentrations CP=0. 001 ,  Friedmans  S) ,  but  no  difference 
in  resistance  between  communities  of  different  ages.  A  28d  static  test  showed  a 
subsidy-stress  gradient  for  protozoan  colonization,  which  was  elevated  at  lower 
concentrations  and  depressed  at  higher  concentrations  compared  to  controls. 
Ciliates  were  most  sensitive  to  the  toxicant.  Communities  subjected  to  higher 
concentrations  of  TFM  exhibited  a  marked  reduction  in  trophic  complexity,  being 
composed  almost  entirely  of  autotrophs  and  bacterial  feeders.  Information 
revealed  by  these  community  level  tests,  including  changes  in  species  diversity 
and  trophic  level  complexity,  is  not  available  from  single  species  tests. 

EXPOSURE  ro  CRUDE  OIL  AFFECTS  HEHOCYTES  OF  MYTILUS  EPULIS  DURING 
SPAWNING.  Jerry  McCormick-Ray,  Dept.  Environmental  Science,  Univ. 
Va.,  Charlottesville,  Va.,  22901 . Exposure  of  Mytilus  edulis  to 
Prudhoe  Bay  crude  oil  emulsion  affects  honocytes  and  tissues.  The 
mussels  were  exposed  to  500  nL/L  and  1000  nL/L  of  emulsion  for  9 
weeks  and  examined  after  4-5  weeks  and  8-9  weeks  of  exposure.  A 
4-5  week  exposure  to  1000  nL/L  of  oil  resulted  in  a  significant  re¬ 
duction  in  the  number  of  circulating  hemocytes.  An  8-9  week  oil  ex¬ 
posure  shifted  the  number  of  circulating  hemocytes  to  higher  num¬ 
bers  in  animals  exposed  to  both  oil  concentrations,  with  the  in¬ 
crease  due  to  an  increase  in  granulocytes.  An  8-9  week  exposure 
to  1000  nL/L  of  oil  caused  a  significant  reduction  in  the  phago¬ 
cytic  response,,  From  histological  examinations  and  by  classifying 
animals  into  spawning  stages  and  tissue  quality,  data  show  that 
an  8-9  week  exposure  to  oil  affects  the  spawning  process  and 
increases  the  number  of  animals  with  poor  quality  tissue®  Changes 
in  controls  examined  after  4-5  weeks  and  8-9  weeks  suggest  pos¬ 
sible  roles  of  hemocytes  during  spawning,  (Research  for  M.S. 
degree,  Univ.  Alaska,  Fairbanks), 
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THE  OCCURENCE  OF  SMALLMOUTH  BASS  IN  THE  LOWER  NORTH.  ANNA  RIVER, VA.  Frank  Hassle, 
VA.  Electric  and  Power  Company, Mineral ,VA.  23117.  Fish  population  studies  have 
been  conducted  on  the  North  Anna  River  since  1972.  Smallmouth  bass,  absent  from 
early  electrofishing  surveys,  have  been  collected  with  increasing  frequency  in 
recent  years.  Due  to  the  importance  of  this  species  as  a  gamefish  and  as  an 
indicator  of  water  quality,  special  angling  surveys  were  initiated  in  1983  to 
better  ascertain  both  abundance  and  distribution  of  smallmouth  bass  in  the 
lower  North  Anna  River.  The  results  of  these  surveys  and  the  life  history  of 
smallmouth  bass  are  discussed.  Additional  smallmouth  bass  studies,  which  may 
be  incorporated  into  VEPCO's  316(a)  demonstration  for  the  SWCB  during  1984  and 
1985»  will  be  detailed, 

CHANGES  IN  METALS  CONTENT  OF  ROADSIDE  STREAM  SEDIMENTS  FOLLOWING  THE  OPENING 
OF  A  NEW  HIGHWAY.  John  M.  Mud re*  and  John  J.  Ney,  Dept,  of  Fisheries  and 
Wildlife  Sciences,  VPI  &  SU,  Blacksburg,  Va.  24061.  Zinc,  cadmium,  and  lead 
concentrations  were  determined  in  the  sediments  of  six  small  streams  crossed 
by  an  interstate  highway.  Sediment  was  sampled  semi-annually  over  a  three-year 
period  following  highway  construction  at  highway  crossing  sites  as  well  as 
upstream  and  downstream  locations.  Average  median  levels  of  all  three  metals 
increased  2  to  3-fold  at  highway  sites  before  reaching  a  plateau.  Metals 
increased  slightly  at  downstream  sites  and  remained  stable  or  declined  at 
upstream  sites.  Individual  streams  varied  considerably  in  concentration  of 
sediment  metals.  Organic  content  of  sediment  appeared  to  be  the  primary 
agent  of  inter-stream  variability. 

SEASONALITY  AND  ABUNDANCE  OF  DEMERSAL  FISHES  IN  AN  INDUSTRIALIZED  ESTUARY. 

Randal  D.  Owen* ,  R.  L.  Bedenbaugh*,  and  R.  S.  Birdsong*,  Dept,  of  Biological 
Sciences,  Old  Dominion  University,  Norfolk,  Va.  23508.  Seasonal  occurrence  and 
abundance  of  demersal  fishes  taken  from  the  Elizabeth  River,  Virginia  during  a 
two  year  environmental  impact  study  are  described.  Monthly  samples  were  taken 
with  a  16'  otter  trawl  from  three  sites  from  January  1982  -  January  1984.  Major 
species  taken  include  Leiostomus  xanthuTUS ,  Micropogonias  undulatus ,  Cynoscion 
vegalis ,  Urophyois  regia,  and  Trinectes  maaulatus .  Year  class  analysis  indi¬ 
cates  that  both  juvenile  and  adult  fishes  frequent  the  river  suggesting  the 
continued  use  of  this  industrialized  estuary  by  some  species  for  feeding, 
spawning,  and  nursery  grounds, 

SEASONAL  CONTRIBUTIONS  OF  CYANOBACTERIA  TO  THE  LOWER  CHESAPEAKE  BAY  PHYTOPLANK¬ 
TON.  D.  A.  Randolph*,  R.  Lacouture*,  and  H.  G.  Marshall,  Dept.  Biological  Sci., 
Old  Dominion  Univ.,  Norfolk,  Va.  23508.  During  a  22  month  study  of  the  lower 
Chesapeake  Bay  and  Hampton  Roads  and  a  nearby  shelf  station^  there  were  slight 
fluctuations  in  concentration  occurring  during  1982  on  the  shelf  near  the  Bay 
entrance,  with  more  pronounced  fluctuations  in  the  lower  Bay  and  Hampton  Roads. 

A  major  growth  took  place  at  all  stations  in  the  1983  summer-early  fall  period. 
Seasonal  pulses  were  consistently  highest  in  Hampton  Roads,  decreasing  into  the 
lower  Bay  and  the  shelf.  The  major  constituents  were  Syneohoooocus  spp. , 
Microcystis  spp.,  followed  by  Gomphosphaera  aponina  and  several  Oscillatoria 
spp.  The  picoplankton  sized  fraction  {Synechococcus  spp.)  dominated  all  the 
station  samples.  Larger  sized  cyanobacteria  were  generally  found  in  low 
numbers  during  the  study  at  all  stations,  except  during  the  1983  outburst, 
when  their  counts  were  also  markedly  increased  throughout  the  collection  area. 
(Supported  by  the  U.S,  Army  Corps  of  Engineers.) 
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A  2-YRAR  ECOLOGICAL  STUDY  OF  LAKE  ANNA  AND  THE  NORTH  ANNA  R|VER,  VA, 

Judson  W.  te,  VA.  Electric  and  Power  Comnanv,  Mineral,  VA.  23117. 

VEPCO  has  initiated  a  comprehensive  2-year  ecological  study  at  North  Anna  Power 
Station  to  determine  if  the  present  State  water  temperature  standards  are  more 
stringent  than  necessary  to  protect  the  aauatic  communitv.  This  studv  on 
Lake  Anna  and  the  lower  North  Anna  Piver  is  authorized  under  Section  316(a) 
of  the  Federal  Clean  '/ater  Act.  The  studv  results  will  be  reviewed  by  a 
Technical  Advisory  Committee  composed  of  representatives  from  regulatory 
agencies,  environmental  groups  and  experts  in  thermal  effects.  A  10  vear 
historical  data  base  will  be  used  to  examine  trends  at  various  trophic  levels 
in  the  ecosystem.  A  special  studv  on  striped  bass  movement  and  preferred 
temperatures  will  be  conducted  using  sonic  tags  .attached  externally  on  the  fish. 
Emphasis  will  also  be  placed  on  smallmouth  bass  distribution  In  the  river 
below  the  dam. 


Geology  Section 

PETROGRAPHY  OF  A  METADACITE  IN  THE  EASTERN  VIRGINIA  PIEDMONT .  Mead  ^  Allison* , 
Dept,  of  Geology,  College  of  William  and  Mary,  Williamsburg,  VA  23185.  A  pre¬ 
viously  unreported  metadacite  occurs  in  the  bed  of  the  Nottoway  River  at  the 
easternmost  edge  of  the  Piedmont  Province  in  Virginia.  The  rock  exhibits  a  por- 
phyritic  texture  with  phenocrysts  of  plagioclase,  quartz  and  biotite  in  a  blue- 
black  groundmass.  Plagioclase  (andesine)  phenocrysts  are  the  most  abundant. 

They  are  partially  altered  and  replaced  by  chlorite  and  sericite.  Large  blue 
quartz  phenocrysts  are  distinctive  in  the  dacite  and  are  stretched  into  ellipses 
by  the  high  greenschist  metamorphism  the  rock  has  undergone.  Streaks  of  biotite 
occur  in  the  planes  of  foliation.  The  groundmass  is  microcrystalline  and  is 
made  up  primarily  of  quartz  and  plagioclase.  Secondary  minerals  are  chlorite, 
sericite,  epidote  and  traces  of  a  black  opaque.  Evidence  indicates  the  unit  was 
probably  a  flow  or  dome  lava.  The  combination  of  the  lithology,  degree  of  meta¬ 
morphism  and  location  of  the  unit  suggest  a  possible  correlation  with  the  Caro¬ 
lina  Slate  Belt. 

YAWNINGS  OF  A  SLEEPING  GIANT?  THE  EXPANDING  SEARCH  FOR  OIL  AND  GAS  IN 
SOUTHWESTERN  VIRGINIA.  Charles  S .  Bartlett ,  Jr. ,  Bartlett  Energy  Exploration, 
Inc.,  Abingdon,  Va. ,  24210.  The  southwest  Virginia  portion  of  the  "Eastern 
Overthrust"  of  the  Appalachian  Basin  has  experienced  a  comparative  burst  of 
exploration  since  1980.  The  Early  Grove  gas  field,  discovered  in  1932  and 
abandoned  in  1957,  has  been  reopened  with  10  new  wells.  A  new  gas  discovery 
in  Washington  County,  5  miles  northeast  of  the  Early  Grove  field,  suggests  a 
major  accumulation  is  present  in  the  Mississippian  rocks  of  the  Greendale 
syncline-Saltville  Fault  area.  Prior  to  1981  Lee  County  had  seen  123  wells 
drilled  resulting  in  42  oil  wells  in  two  fields.  Rose  Hill  and  Ben  Hur,  which 
produced  about  123,000  BBL.  In  a  three  year  span,  1981-83,  a  total  of  58  wells 
have  resulted  in  35  producers  which  have  yielded  over  128,000  BBL,  mostly 
from  fractured  Trenton  limestone.  Is  this  a  sign  of  bigger  things  to  come? 
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CHEMICAL  OBSERVATIONS  OF  FALLING  SPRING,  ALLEGHANY  COUNTY, 

VIRGINIA.  Kristin  0.  Dennen , -  U.S.  Geological  Survey,  Reston,  VA 
22091,  &  R.  J.  Diecchio,  Dept,  of  Geology,  George  Mason  Univ., 
Fairfax,  VA  22030.  Falling  Spring  is  one  of  a  number  of  thermal 
springs  issuing  from  Ordovician  limestone  in  the  Warm  Springs 
anticline.  In  the  summer  months,  travertine  precipitates  downstream 
from  Falling  Spring  Creek  waterfall,  providing  an  analog  for  the 
formation  of  the  ancient  travertine  escarpment  over  which  the 
water  cascades.  The  water  was  analyzed  for  pH,  HCO3"  and  major 
metals  in  an  attempt  to  explain  the  apparent  change  in  carbonate 
equilibria  as  the  water  goes  over  the  falls.  This  model  proved  to 
be  complicated  not  only  by  seasonal  changes  in  surface  runoff,  but 
also  by  the  important  roles  algae  and  bacteria  play  in  the 
formation  of  travertine.  The  ancient  travertine  is  comprised  of 
water fal 1 /cascade  deposits  that  apparently  formed  under  conditions 
similar  to  those  existing  today,  but  at  a  higher  elevation. 

GEOLOGY  AND  GROUNDWATER  REGIME  IN  THE  CLOSED  YORK  COUNTY  LANDFILL,  GRAFTON, 
VIRGINIA.  Deborah  R.  Fuess*,  Dept,  of  Geology,  Col.  of  William  and  Mary, 
Williamsburg,  Va.  23185.  The  closed  York  County  Sanitary  Landfill  is  located 
1.5  km  north  of  Grafton,  Virginia,  on  the  York-James  Peninsula,  The  landfill 
lies  on  the  eastern  edge  of  the  Grafton  plain,  across  the  Suffolk  scarp  and  on 
the  western  margin  of  the  Hornsbyville  flat.  A  flyash  disposal  pit  is  adjacent 
to  the  landfill  on  the  Hornsbyville  flat.  Cells  of  the  sanitary  landfill  were 
excavated  into  the  highly  permeable  basal  pebbly  sands  of  the  Chuckatuck  and 
Tabb  formations;  these  formations  rest  disconformably  upon  the  relatively 
impermeable  Yorktown  Formation. 

Measurements  taken  from  eight  piezometers  emplaced  around  the  landfill 
indicate  that  the  groundwater  surface  slopes  eastward  and  that  dissolved 
solids  and  temperature  increase  to  the  east.  Groundwater  enters  the  landfill 
through  the  gravelly  sand  of  the  Chuckatuck  Formation  from  the  west  and  moves 
through  the  solid  waste.  The  leachete  flows  out  of  the  landfill  to  the  east 
into  either  the  flyash  or  into  the  Tabb  Formation. 

ECONOilC  HEAVY  MINERALS  IN  COASTAL  PLAIN  AND  CONTINENTAL  SHELF  SEDIMENTS  OF 
VIRGINIA.  Andrew  E.  Grosz*  and  Eric  R.  Force*,  U.S.  Geological  Survey,  954 
National  Center,  Reston,  Va.  22092.  Modern  and  fossil  shoreline-complex 
deposits  are  conventional  sites  for  mining  heavy  minerals  (ilmenlte,  rutile, 
leucoxene,  zircon,  monazlte,  alumino-sllicate  minerals,  staurolite,  and  others) 
that  are  used  as  pigments,  metal  ores,  refractories,  and  abrasives.  Although 
Virginia  source  terranes  contain  abundant  Ilmenlte  and  rutile,  earlier  searches 
by  both  authors  (using  geologic,  gamma-ray  radiometric,  and  paleoenvironment 
Information)  revealed  no  heavy-alneral  concentrations  of  economic  grade  in 
shoreline-complex  deposits  of  the  Virginia  Coastal  Plain.  More  recent  investi¬ 
gations  on  the  Continental  Shelf  of  Virginia,  however,  show  sands  that  arc 
possibly  of  shoreline-complex  origin  and  that  have  ^ades  of  assemblages  of 
heavy  minerals  comparable  to  grades  of  currently  mined  deposits  in  the  south¬ 
eastern  U.S.  Coastal  Plain.  The  thlclmess  and  continuity  of  these  heavy-mineral- 
bearing  sands  on  the  Shelf  is  currently  being  Investigated. 
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UPPER  TERTIARY  STRATIGRAPHY  AND  STRUCTURE  OF  THE  INNER  ATLANTIC  COASTAL  PLAIN 
NEAR  RICHMOND;  VIRGINIA.  Mark  C.  Hall,  Dept,  of  Geology,  Col.  of  William  and 
Mary,  Williamsburg,  Va. ,  23185.  The  Calvert  Formation  (Lower  Miocene), 

Eastover  Formation  (Upper  Miocene) ,  Yorktown  Formation  (Lower  Pliocene) ,  and 
Barhamsvllle  formation  (Upper  Pliocene)  of  the  Chesapeake  Group  each  comprises 
a  fining  upward  sequence  of  gravelly  sands,  fine  sands,  and  clayey  silty  fine 
sands.  All  were  deposited  under  transgressive  marine  or  fluvial- estuarine 
conditions  and  are  d is conformably  related. 

Although  older  formations  of  the  Chesapeake  Group  are  deformed,  faults, 
folds,  and  joints(?)  were  not  observed  in  outcrops  or  in  borehole  data  from 
the  Barhamsvllle  formation.  The  upper  depositional  surface  and  structure 
contours  on  the  base  of  the  Barhamsvllle  formation  show  no  apparent  differ¬ 
ential  movement.  If  deformation  took  place  during  the  deposition  of  the 
Barhamsvllle,  it  was  significantly  less  than  in  older  sedimentary  deposits. 

t 

''AN  INVESTIGATION  INTO  THE  PALEOENVIRCMIENT  OF  THE  IIAHANTANGO  FORMATICN  AT  GORE, 
FREDRICK  COUNTY,  VIRGINIA.  Twila  Ann  Holbrook*  and  Steven  W.  Riddle*  Dept,  of 
Geol.  ,  George  Mason  University,  Fairfax,  Va.  22030.  '~THe'T!aEaitai^d~’formation  in 
northern  Virginia  is  a  coarsening  upward  clastic  sequence  deposited  during  the 
Acadian  Orogeny.  Variations  in  lithology  and  faunal  diversity  and  size  have 
been  used  to  interpret  fluctuating  environmental  parameters  for  a  portion  of 
the  fomation.  The  sequence  examined  consisted  of  rhythnically  interbedded  silt= 
stones,  mudstones  and  shales.  Faunal  and  lithologic  evidence  allowed  a  recon¬ 
struction  of  the  probable  paleoenvironment  in  ancient  Gore.  Energy,  depth  and 
oxygen  levels  were  all  interdependent.  Temperature  had  some  influence  on  oxygen 
level;  otherwise,  temperature,  salinity  and  sedimentation  rates  were  independent 
variables.  Shales  are  interpreted  as  deep  water,  low  energy  and  low  sediment¬ 
ation  rate  deposits.  The  overlying  mudstones  and  siltstones  are  interpreted  as 
a  gradual  regressive  sequence  (  prograding  delta  ).  Within  this  major  regressive 
sequence  several  small  coarsening  upward  regressive  cycles  were  punctuated  by 
transgressive  events. 

LITHOLOGIC  CONTROLS  ON  GROUNDWATER  CHEMISTRY  IN  URANIUM-BEARING  ROCKS  OF  THE 
SOUTHERN  CULPEPER  AND  DAN  RIVER  TRIASSIC-JURASSIC  BASINS,  VIRGINIA. 

R.  K.  Kaiserman* ,  H.  G.  Goodell*,  and  T.  E.  Niemi*,  Dept,  of  Environmental 
Sciences,  University  of  Virginia,  Charlottesville,  Va.  22903.  Groundwater 
samples  from  the  Culpeper  and  Dan  River  Triassic-Jurassic  Basins,  Virginia 
were  analyzed  for  major  ions,  ferric  and  ferrous  iron,  fluorine,  radon-222, 
and  total  uranium.  Several  samples  were  also  analyzed  for  radium-226. 

Lithologic  controls  on  groundwater  chemistry  were  examined  by  discriminant 
analysis  and  R-mode  factor  analysis.  Discriminant  analysis  correctly  identifies 
85%  of  the  groundwater  samples  from  the  Culpeper  Basin  by  lithology  and  76%  from 
the  Dan  River  Basin.  Controls  on  uranium  in  solution  were  examined  by  multiple 
regression.  In  the  Culpeper  Basin  the  most  important  controls  on  dissolved 
uranium  are  bicarbonate  concentration,  pH,  and  ionic  strength.  From  these 
analyses,  it  appears  that  uranium  mineralization  is  likely  in  the  hornfels 
facies  of  the  Culpeper  Basin.  In  the  Dan  River  Basin  where  the  ionic  strength 
of  groundwater  is  only  half  as  large,  pH  is  the  most  important  control  of 
uranium  concentration.  Laboratory  batch  tests  confirm  the  importance  of 
carbonate  ion  in  controlling  uranium  concentration. 
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CURRENT  NOTES  ON  TIDE  SPRING,  AND  ANOTHER  LOOK  AT  THOSE  1927  RECORDS.  James 
D.  Lehman ,  Dept,  of  Physics,  James  Madison  Univ,,  Harrisonburg,  VA.  22807,  & 
Randy  J.  Fear*,  Big  Bear  Solar  Observatory,  Big  Bear  City,  CA.  92314.  The 
performance  of  this  ebb-and-flow  spring  has  mystified  observers  for  generat¬ 
ions  in  the  Shenandoah  Valley.  Its  flow  pattern  has  resulted  in  much  specu¬ 
lation  as  to  the  configuration  of  the  underground  system.  The  1927  records 
of  O.F.  Menzer  identified  the  general  flow  characteristics.  Historic  records 
of  rainfall  were  added  in  an  attempt  to  correlate  local  precipitation  with 
behavior.  An  18-month  survey,  July  1982  -  December  1983,  further  verified 
the  flow  pattern  and  suggests  spring  action  to  be  directly  related  to  precip¬ 
itation  and  consequent  changes  in  the  underground  saturated  zone.  By  indi¬ 
rect  means,  the  spring  body  is  found  to  be  considerably  larger  than  the  visi¬ 
ble  spring  opening.  Perhaps,  this  is  the  cause  for  the  drawdown  and  oscil¬ 
lation  phenomena  at  flow’s  end.  These  observations  are  useful  in  developing 
a  spring  model  as  the  search  for  the  reservoir  location  continues. 

MINING  -  AN  INTERIM  LAND  USE.  Clement  M.  Llewellyn,  Jr.,  Manager,  Sand  and 
Gravel  Production,  Lone  Star  Industries,  Inc.,  Richmond,  VA  23234.  This 
paper  addresses  the  problems  and  methods  involved  in  reclaiming  farmland  after 
mining  to  a  productive  state  in  Central  Virginia.  It  focuses  upon  procedures 
necessary  to  promote  simultaneous  rehabilitation  of  mined  land.  The  object¬ 
ives  of  such  measures  are  clear:  a  productivity  almost  equal  to  pre-mined 
land;  and  the  goodwill  of  all  involved,  be  it  the  landowner,  the  mine 
operator,  the  regulatory  authority,  or  society  in  general. 

HYDROGEOLOGIC  FEAMEWORD  OF  THE  VIRGINIA  COASTAL  PLAIN.  Andrew  A.  Meng,  III  and 
John  F.  Harsh*,  U.S.  Geological  Survey,  WRD,  Richmond,  Va.  23220.  The  Virginia 
Coastal  Plain  consists  of  an  eastward-thickening,  wedge-shaped  mass  of  uncon¬ 
solidated,  interbedded  gravels,  sands,  silts,  and  clays,  with  varying  amounts 
of  shells.  These  deposits,  ranging  in  age  from  Early  Cretaceous  to  Holocene, 
thin  to  a  fetheredge  along  the  Fall  Line  and  thicken  to  more  than  6000  feet 
beneath  the  northeastern  part  of  the  Eastern  Shore  Peninsula.  Eight  confined 
aquifers  with  eight  intervening  confining  beds  and  an  uppermost  water-table 
aquifer  define  the  regional  hydrogeo logic  framework  of  the  Virginia  Coastal 
Plain.  The  nine  aquifers,  from  oldest  to  youngest,  are:  lower,  middle,  and 
upper  Potomac,  Brightseat,  Aquia,  Piney  Point-Chickahominy ,  Choptank-St.  Marys, 
East over-Yorkt own,  and  Columbia.  Interbedded  sands  of  Brightseat  Formation 
age  (early  Paleocene)  were  identified.  In  Virginia  these  sands  have  been 
termed  the  Brightseat  aquifer.  The  eight  confining  beds,  from  oldest  to 
youngest,  are:  lower,  middle,  and  upper  Potomac,  Brightseat,  Marlboro  Clay- 
Nanjemoy,  Calvert,  St.  Mary’s,  and  Yorktown.  Geophysical  and  lithologic  logs, 
water-level  data,  and  stratigraphic  information  provide  the  basis  for  the  cor¬ 
relation  and  delineation  of  the  deposits  into  a  multi-layered  hydrogeologic 
framework. 
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TECTONIC  IMPLICATIONS  OF  CHEMICAL  TRENDS  IN  THE  LATEST  PRECAMBRIAN  GRANITES  IN 
WESTERN  VIRGINIA  Douglas  Mose  and  Susan  Nagel*,  Department  of  Geology,  George 
Mason  University,  Fairfax,  VA  22030.  Several  of  the  latest  Prexambrian  grani¬ 
tic  plutons  that  intruded  Grenville  age  rocks  have  been  studied  by  the  U-Pb  and 
Rb-Sr  methods  of  age  determination.  In  all  cases  where  ages  by  both  are  avail¬ 
able,  the  U-Pb  age  (upper  intercept  on  chord)  is  5  to  25%  older  than  the  Rb-Sr 
age  (whole-rock  isochron).  A  review  of  major  element  and  strontium  isotopic 
chemistry  suggests  that  the  plutons  were  contaminated  with  varying  amounts  of 
crustal  material,  and  zircon  morphology  studies  indicate  that  these  plutons 
contain  xenocrystic  zircons.  Mixing  of  Grenville-age  (or  older)  xenocrystic 
zircons  with  synmagmatic  zircons,  coupled  with  recent  lead  loss,  has  resulted 
in  U-Pb  ages  that  are  intermediate  between  the  age  of  the  source(s)  of  the 
xenocrystic  zircons  and  the  age  of  the  granitic  pluton.  Also  important  are  the 
time-dependent  patterns  in  major  element  and  strontium  isotopic  chemistry  for 
these  plutons.  It  seems  likely  that  the  thermal  regime  in  which  these  magmas 
were  forming  was  migrating  from  lower  to  higher  crustal  levels  during  the  700 
to  570  m.y.  of  granitic  magma  crystallization,  until  both  intermediate  and 
shallow  levels  were  generating  magmas  by  the  end  of  Precambrian  time. 

A  STUDY  OF  THE  VERTICAL  DISTRIBUTION  OF  HEAVY  MINERALS  IN  LOWER  CHESAPEAKE  BAY 
SEDI^ffiNTS.  Christopher  R.  Myers*,  Dept,  of  Geology,  College  of  William  and 
Mary,  Williamsburg,  Va.  23185.  While  previous  heavy  mineral  studies  in  the 
Chesapeake  Bay  have  been  limited  to  the  distribution  in  surficial  sediments, 
this  study  focuses  on  the  vertical  sequence  of  the  sediment  body  deposited 
during  the  latter  part  of  the  post-Pleistocene  transgressional  history  of  the 
Bay,  as  represented  in  two  cores  from  the  Virginia  Institute  of  Marine  Science 
archives.  This  approach  includes  the  factor  of  time  as  shown  in  the  strati¬ 
graphy  and  heavy  mineral  variability  in  the  cores.  The  results  show  that  the 
two  cores  formed  under  different  hydrodynamic  regimes,  as  characterized  by 
different  heavy  mineral  populations  and  by  distinctly  different  sedimentolog- 
ical  parameters.  Influx  of  sediment  from  the  continental  shelf  into  the  Bay 
seems  to  have  occurred  on  a  cyclic  basis,  and  is  marked  by  variation  in  part¬ 
icle  size  and  variation  in  hypersthene  concentrations. 

AN  APPLICATION  OF  MARKOV  CHAIN  ANALYSIS  TO  THE  NORTON  FORMATION, BUCHANAN  COUNTY, 
VIRGINIA.  Jack  E.  Nolde,  Virginia  Div.  of  Mineral  Resources,  P.  O.  Box  3667, 
Charlottesville,  Virginia,  22903. 

The  Pennsylvanian  Norton  Formation  in  the  Vansant  area,  Buchanan  County  is 
interpreted  as  a  fluvial  deposit  with  in-channel  and  floodplain  environments . The 
upward  transitions  from  one  subenvironment  to  another  was  obtained  by  Markov 
chain  analysis.  A  test  for  quasi-independence  was  negative,  and  subsequently  a 
first  order  Markov  chain  was  tested  and  found  to  fit  the  data  well. 

An  interpetation  of  the  sequence  of  69  lithofacies  associates  them  with 
channel  and  overbank  environments  along  an  ancient  lower  delta  plain.  The 
processes  acting  in  these  environments  were  channel  diversion  and  migration, 
cut-off's,  meander  cutting,  filling,  crevassing,  and  flooding.  The  section 
showed  that  channel  filling  and  meander  cutting  accounted  for  68  percent  of  the 
processes  operating  in  the  Vansant  area,  during  the  Lower  and  Middle 
Pennsylvanian  Series. 
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A  MIDDLE  PENNSYLVANIAN  LIMESTONE,  IN  THE  FLAT  GAP  QUADRANGLE,  WISE  COUNTY, 
VIRGINIA,  Jack  E.  Nolde ,  Virginia  Div.  of  Mineral  Resources,  P,  O.  Box  3667, 
Charlottesville,  Virginia,  22903 

The  Magoffin  Beds  (M,  Pennsylvanian)  of  the  Wise  Formation  was  named  by  Morse 
(1931)  and  occurs  in  the  interval  between  the  Pardee  coal  and  the  Morris  coal. 
The  Magoffin  Beds  in  the  Pound  Fork  section  consist  of  a  lower  medium  gray  clay 
shale,  a  limestone,  and  an  upper  medium  to  dark  gray  clay  shale.  The  clay  shales 
are  thinly  laminated,  fissile,  and  calcareous,  and  contain  siderite  pebbles  and 
shallow  marine  fossil  brachiopods,  bivalves,  and  corals.  The  limestone  is  a  dark 
gray  biomicrite  about  one  foot  thick  and  is  essentially  a  shell  "hash." 

Preliminary  surface  and  subsurface  studies  indicate  that  the  Magoffin  is  part 
of  a  complex  fluvial -deltaic  sequence,  with  the  rocks  below  the  limestone 
forming  part  of  a  lagoonal  succession.  Above  the  limestone  the  rocks  represent 
environments  ranging  from  a  lagoon  to  prodelta  to  delta  front  and  eventually  to 
a  distributary  channel  and  marsh. 

OVERVIEW  OF  THE  COAL  INDUSTRY  AS  RELATED  TO  THE  COMMONWEALTH  OF  VA.  Michael 
J.  Quillen,  President,  Paramont  Mining  Corp. ,  Wise,  Va.  The  coal  industry  in 
the  Commonwealth  of  Virginia  lies  in  the  counties  of  Buchanan,  Dickenson,  Lee 
Russell,  Scott,  Tazewell,  and  Wise.  The  total  tonnage  for  1983  was  36,295,657 
with  Wise  County  leading  the  production  by  mining  35%  of  this  total.  The 
Division  of  Mine  and  Quarries  reports  14,0000  people  involved  directly  in  the 
actual  mining  process  with  wages  amounting  to  $400  million.  The  three  top 
producers  of  coal  in  Virginia  last  year  were  Pittston,  Island  Creek,  and 
United.  The  principle  methods  used  in  the  production  of  Virginia  coal  are 
surface  mining  (7,577,993  tons)  and  underground  mining  (28,717,664  tons). 

BATHYMETRIC  SURVEY  OF  STALKED  CRINOIDS  FROM  166  METERS  TO  555  METERS  IN  THE 
VICINITY  OF  SAN  SALVADOR,  BAHAMAS.  Verma  Rivers,  Dept,  of  Physics,  Lynchburg 
College,  Lynchburg,  Va.  24501.  As  late  as  the  1970 's  crinoids  were  thought  to 
be  nearly  extinct.  However,  studies  have  been  made  in  the  tropics  of  the 
western  Pacific,  western  Atlantic  and  Indian  Oceans  showing  them  to  be  numerous 
and  of  many  varieties.  (Meyer,  Messing,  and  Macurda) .  This  was  the  first  study 
done  in  San  Salvador,  Bahamas  in  Fernandez  Bay.  The  deep  water  (100-600m) 
stalked  crinoids  commonly  referred  to  as  sea  lilies  were  surveyed  and  collected, 
by  using  the  Johnson  Sea  Link  I  submersible.  Three  genera:  Diplocrinus , 
Neocrinus,  and  Endoxocrinis  were  identified.  One  unusual  species  located  only 
at  500m+(Holopus  spp.)  which  cements  itself  to  the  substrate  was  also  collected. 
The  stalked  crinoids  varied  in  color  as  did  the  length  of  the  columnal  and 
cirri  and  size  of  the  pinnules. 

EVOLUTIONARY  DISCREPANCY  BETWEEN  MAXILLARY  AND  MANDIBULAR  RODENT  TEETH: 
IMPLICATIONS  FOR  CLASSIFICATION  OF  FOSSILS.  V.  Rosser,  Dept,  of  Biol., 

Mary  Baldwin  Col,,  Staunton,  Va.  24401.  Upper  and  lower  jaws  in  occlusion 
were  examined  from  four  species  and  nine  subspecies  of  Peromyscus ,  the 
recent  rodent  genus  most  closely  related  to  the  fossil  genus  Eumys ,  to 
determine  whether  the  statistical  analysis  of  the  measurements  of  the 
mandibular  molars  of  Peromyscus  species  yield  the  same  classification  scheme 
as  the  analysis  of  the  measurements  of  the  maxillary  molars  from  those  same 
individuals.  Multivariate  statistical  analysis  indicated  that  mandibular 
teeth,  although  not  always  valid  for  species  separation,  are  more  reliable 
taxonomic  indicators  than  maxillary  teeth. 
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FOSSILS  OF  EARLY  TERRESTRIAL  ARTHROPODS  FROM  THE  DEVONIAN  PANTHER  MOUNTAIN 
FORMATION,  GILBOA,  NEW  YORK.  William  A.  Shear,  Dept,  of  Biol.,  Hampden-Sydney 
College,  Hampden-Sydney,  VA  23943,  and  James  D.  Grierson*  and  Patricia  M, 
Bonamo,*  Dept,  of  Biol.,  SUNY/Binghamton,  Binghamton  NY.  Fossils  of  terrestrial 
arthropods  from  Devonian  strata  (ca.  375  myo)  near  Gilboa,  NY,  constitute  the 
earliest  evidence  for  land  animals  in  the  Americas.  The  fossils  are  preserved 
with  remarkable  detail  and  include  trigonotarbids ,  centipeds,  spiders, 
eurypterids,  and  mites.  Some  fragmentary  remains  have  been  interpreted  as 
insectan  (ArchSeognatha) ,  and  if  this  is  verified,  would  be  the  world’s  oldest 
insect  fossils.  Only  two  other  sites  for  Devonian  land  arthropods  are  known: 
Rhynie,  Scotland,  and  Aiken  an  der  Mosel,  Germany.  The  Gilboa  fauna  is  much 
more  diverse  than  either  of  these. 

THOMAS  JEFFERSON'S  LOST  QUARRY.  W.  C.  Sherwood,  Dept,  of  Geol . ,  James  Madison 
Univ.,  Harrisonburg,  Va.  22807.  Recently  archeological  and  restoration  efforts 
at  Monticello,  home  of  Thomas  Jefferson,  show  extensive  use  of  an  unusual  pink, 
granular  rock  in  the  foundations  of  the  main  house  and  outbuildings.  Notes  made 
by  Jefferson  at  the  time  indicate  the  source  of  his  building  stone  to  be  near 
Monticello.  Recent  field  work  led  to  the  rediscovery  of  a  felsic  dike,  first 
reported  by  Lambeth  (1901 ),  approximately  .6  miles  south  of  Monticello.  Petro¬ 
graphic  analyses  of  the  rock  from  Monticello  and  from  the  dike  confirm  Lewis' 
(1926)  conclusion  that  the  rock  is  alaskite.  Detailed  field  observations  failed 
to  locate  an  obvious  pit  or  quarry  from  which  the  stone  would  have  been  produced. 
However,  a  suspicious  topographic  saddle  in  the  dike  adjacent  to  State  Route  53 
was  found.  Augering  in  the  area  showed  an  abrupt  deepening  of  the  soil  over  the 
dike  over  a  3  meter  interval.  Topographic  evidence  of  a  possible  access  road  to 
this  point  was  also  discovered.  Based  on  these  preliminary  findings  it  is 
theorized  that  Jefferson's  quarry  was  located  at  this  point  and  produced  stone 
for  Monticello  during  the  late  18th  century.  It  was  subsequently  filled  in  by 
downslope  movement  of  soil  from  the  prominent  Catoctin  ridge  to  the  west. 

REMOTE  SENSING  BASED  STUDY  OF  COASTAL  PLAIN  TECTONICS  IN  VIRGINIA. 

R.  Venkatakrishnan* ,  Dept,  of  Geological  Sciences,  Old  Dominion  University, 
Norfolk,  VA  23508.  A  study  was  made  of  the  relationship  between  lineaments 
observed  on  computer  enhanced  Landsat  images  and  Color  infrared  U-2  photos, 
and  the  geologic  framework  of  the  basement  complex  underlying  the  Coastal 
Plain  of  Virginia.  Thirteen  lineaments  and  lineament  zones  were  identified 
and  these  correspond  remarkably  well  with  basement  structures  identified 
through  an  intrepretation  of  geophysical  maps.  All  the  major  lineaments  and 
lineament  zones  studied  appear  to  be  related  in  one  fashion  or  another  to 
structural  disturbances,  because  changes  in  the  subsurface  structure, 
lithology,  and  geophysical  anomalies  occur  along  their  extent.  These  changes 
are  propagated  across  several  stratigraphic  levels  at  varying  intensities 
and  magnitudes,  suggesting  recurrent  reactivation  of  favorably  oriented 
structural  zones  in  the  basement  during  the  Mesozoic  and  Cenozoic  tectonic 
evolution  of  the  Coastal  Plain  province. 

A  model  is  suggested  to  explain  the  propagational  mechanism  of  basement 
structures  and  apparent  reverse  faulting  at  the  surface. 
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LATE  QUATERNARY  DEPOSITS  IN  SMALL  VALLEYS,  V7ESTERN  NORTH  CAROLINA, 

G.  Richard  Whittecar ,  Dept,  of  Geol.  Sci.,  Old  Dominion  Universitv, 

Norfolk,  Va.  23508.  Terrace  deposits  within  second-  and  third-order 
drainage  basins  near  Hickory,  North  Carolina  indicate  that  environmental 
conditions  changed  markedly  during  the  late  Pleistocene  and  Holocene. 

Beneath  the  highest  terraces  identified,  colluvial  masses  made  of  sandy 
clay  loam  up  to  six  meters  thick  bury  at  least  two  sequences  of  sandy 
alluvium.  Wood  from  the  youngest  of  these  buried  deposits  was  dated  as 
greater  than  40,000  years  B.P.  (V7-5114) .  The  thickness  and  color  of 
truncated  soil  horizons  in  the  colluvium  suggest  a  pre-Wisconsinan  age  for 
the  alluvium.  Relatively  rapid  slope  processes  induced  by  harsh  glacial-age 
climates  are  thought  to  be  responsible  for  the  thick,  massive  colluvium. 
Holocene  alluvium  capped  with  post-settlement  overbank  deposits  underlies 
a  low  terrace  incised  by  the  present  stream. 


Materials  Science  Section 

THE  MELTING  OF  SUBMICRON  SIZE  BI-SN  PARTICLES.  Gregory  L.  Allen, and  W.A.Jesser 
Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  Micro¬ 
particles  of  binary  alloys  show  an  influence  of  size  on  the  melting  behavior, 
composition,  and  structure.  Bi-Sn  was  co-vapor  deposited  in  the  liquid  state 
onto  amorphous  carbon  substrates  in  a  TEM.  Dark-field  TEM  techniques,  energy 
dispersive  x-ray  analysis,  and  microdiffraction  provide  information  on  composi¬ 
tion,  phase,  and  melting  character.  Particles  of  the  alloy  with  diameters  of 
5  to  50  nm  exhibit  properties  that  differ  from  those  of  the  bulk  material.  In 
relation  to  the  bulk  phase  diagram,  small  particles  have  a  lower  liquidus  line 
and  extended  terminal  solubilities.  Dark-field  TEM  revealed  the  presence  of 
internal  boundaries  over  the  full  range  of  particle  sizes.  Convergent  beam 
microdiffraction  showed  boundaries  that  separate  phases  with  different  composi¬ 
tions  and  the  same,  or  differing,  structure.  Upon  heating,  the  coexistence  of 
a  solid  core  and  a  liquid  outer  layer  was  observed  for  particles  of  certain 
composition  ranges  before  the  two-phase  particle  completely  transformed  to 
liquid. 

AUTOMATED  DATA  ACQUISITION.  Robert  A.  Bayles ,  Dale  A,  Meyn*,  Code  6310,  Petet 
G.  Moore*,  and  Paul  E,  Denney*,  Code  6320,  Naval  Research  Lab,  Washington,  DC 
20375.  A  personal  computer  is  being  used  to  acquire  data  from  sustained  load 
cracking  (SLC)  and  fatigue  experiments.  Presently  four  experiments  are 
monitored  simultaneously  and  modest  expansion  is  feasible.  The  system  stores  a 
data  point  whenever  a  significant  change  in  load  occurs.  Load  cell  signals  are 
amplified  and  input  to  the  computer  using  an  analog-to~digital  converter.  The 
time  at  which  each  data  point  for  the  SLC  experiments  is  obtained  is  input  from 
a  peripheral  clock.  The  fatigue  cycle  count  is  input  from  a  peripheral  circuit 
which  detects  and  counts  photocell  signals.  The  data  points  in  the  computer 
memory  are  occasionally  transferred  to  duplicate  floppy  disk  files.  The  data 
in  the  files  may  be  processed  and  plotted  using  auxilliary  programs. 
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SOME  APPLICATIONS  OF  THERMAWAVE  MICROSCOPY  TO  MATERIALS  SCIENCE,  J.  I.  Bennetch, 
Metallurgy  Lab.,  Reynolds  Metals  Company.,  Richmond,  Va.  23261.  Macroscopic  and 
microscopic  thermal  features  on  and  below  the  surface  of  a  sample  can  be  detected 
and  imaged  with  a  thermal  wave  microscope.  As  a  comparatively  inexpensive  and 
simple  add-on  attachment  to  a  scanning  electron  microscope,  a  thermal  wave 
detector  operates  under  similar  principles  as  a  more  expensive  scanning  acoustic 
microscope  but  has  a  better  resolution  at  comparable  operating  frequencies. 
Applications  in  metallurgy  include  non-destructive  3-D  analyses  of  subsurface 
defects.  Porosity,  cracks,  or  inclusions  in  Al  alloys  can  be  imaged  at  various 
depths  down  to  around  15  |am  with  a  1  [jm  lateral  resolution  on  the  surface.  With 
highly  ordered  materials  as  used  in  the  semi-conductor  industry,  changes  in 
material  composition  or  dopant  levels  can  also  be  detected  as  a  function  of 
depth.  Finally,  areas  of  thermomechanical  stress  can  be  imaged  directly;  this 
means  twin  and  grain  boundaries  in  polished  materials,  as  well  as  the  stress 
field  associated  with  cracks  can  be  imaged  without  the  need  for  etching. 


NITROGEN  CARRIER  FUSION  HYDROGEN  TESTING  ON  ALUMINUM  ALLOYS.  J.  D.  Brandon,* 
Metallurgy  Laboratory,  Reynolds  Metals  Company,  Richmond,  VA  23219.  The 
design,  principle  and  general  description  of  the  Nitrogen  Carrier  Fusion 
(NCF)  method  of  testing  will  be  described,  including  the  instrument's 
capabilities  and  performances  in  accurately  measuring  the  hydrogen  content 
of  aluminum  with  vacuum  hot  extraction  and  telegas  methods  of  testing. 

Also  to  be  discussed  and  illustrated  is  the  adaptation  and  capability  of 
this  technique  to  perform  with  equal  efficiency  hydrogen  measurements 
on  pure  aluminum  as  well  as  to  its  alloys  with  high  zinc  or  magnesium 
concentrations . 

ORIENTATION  DETERMINATION  OF  PLANAR  REGIONS  IN  THE  FRACTURE  SURFACE  OF 
Ti-1 0V-2Fe-3Al .  Daniel  Bryant  and  H.G.F.  Wilsdorf,  Dept,  of  Materials  Science, 
Univ.  of  Va.,  Charlottesville,  VA  22901.  The  meta-stable  3  alloy  Ti-10-2-3  can 
be  processed  to  exhibit  a  lamellara  structure  as  well  as  grain  boundary  a.  In 
simple  fracture,  the  transgranular  portions  of  the  fracture  surface  are  charact¬ 
erized  by  alternating  ridges  and  valleys  with  small,  (lOy  x  lOy)  nearly  planar 
regions  which  come  out  of  the  surface  to  form  ledges  and  shelves.  As  the  dimple 
structure  in  these  regions  differs  markedly  from  those  in  other  regions,  these 
regions  may  represent  fracture  along  a-3  interfaces To  test  this  hypotheses, 
the  orientation  of  the  normals  of  these  planar  regions,  with  respect  to  both  the 
tensile  axis  and  each  other,  has  been  determined  using  stereophotogrammetry  and 
computer  analysis.  The  angular  relations  thus  found  are  then  compared  with 
those  found  from  crystallographic  study. 

CONSIDERATIONS  OF  THE  RATIO  OF  INTERFACIAL  ENERGY  TO  SPECIFIC  ENTHALPY  OF  MELT¬ 
ING  FOR  VARIOUS  CLASSES  OF  MATERIALS.  K.W.  Campbel 1  and  R.E.  Barker,  Jr.,  Dept, 
of  Materials  Science,  Univ.  of  Va.,  Charlottesville,  VA  22901.  The  surface 
energy  of  a  material,  the  interfacial  energies  Ya3  between  its  phases  and  the 
enthalpies  AHoi3  of  transitions  between  the  phases  are  among  the  most  important 
properties  for  many  considerations  in  materials  science.  Wettability,  adhesion, 
and  phase  nucleatlon  are  some  of  the  phenomena  that  are  dominated  by  these  prop¬ 
erties.  In  recent  attempts  to  confirm  a  theory  of  nucleatlon  for  second  order 
Ehrenfest  transitions  we  found  that  data  for  these  quantities,  especially  the 
interfacial  energies  between  phases  in  organic,  polymeric,  and  non-metal  lie 
materials,  are  widely  scattered  in  the  literature.  In  connection  with  the 
theoretical  work  on  nucleatlon  phenomena  we  also  came  to  realize  that  progress 
in  understanding  could  be  made  if  the  ratio  Yot3/AHoi3  of  interfacial  energy  to 
transition  enthalpy  were  known  rather  than  knowing  Ya3  AHq3  separately. 

This  motivated  efforts  to  collect  data  for  the  surface  energy  and  heat  of  fusion 
for  various  classes  of  materials  in  the  hope  that  useful  correlations  could  be 
established.  The  results  for  several  classes  of  materials  will  be  presented. 
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TIME  DOMAIN  REFLECTOMETR I  CAL  MEASUREMENTS  OF  THE  DIELECTRIC  PROPERTIES  OF  A 
SERIES  OF  ALCOHOLS,  INCLUDING  POLYVINYL  ALCOHOL.  Chin-Ching  Huang^and  R.E. 
Barker,  Jr.,  Dept,  of  Materials  Sci . ,  UVA,  Charlottesville,  VA  22901.  Time  Do¬ 
main  Ref lectometry  (TDR)  Is  the  name  of  a  relatively  new  technique  that  is  uti¬ 
lized  to  determine  the  time-dependent  response  of  a  sample  subsequent  to  the 
application  of  an  electromagnetic  wave  pulse  of  known  time  dependence.  The  re¬ 
sponse  usually  is  obtained  with  a  very  fast  oscilloscope  and  the  digitized  sig¬ 
nal  is  processed  with  a  resolution  of  a  few  picoseconds  to  provide  dielectric 
information  over  a  wide  range  of  frequency  from  a  small  sample.  The  ability  to 
work  with  small  samples  and  collect  data  quickly,  makes  possible  the  study  of 
transient  as  well  as  steady  state  properties.  TDR  results  for  a  series  of  al¬ 
cohols  are  discussed.  The  real  (e')  and  imaginary  (e")  parts  of  the  permittiv¬ 
ity  of  methanol,  ethanol,  butanol,  octanol ,  and  polyvinyl  alcohol  have  been 
measured  at  frequencies  from  1  to  4000  MHz  at  selected  temperatures  between  0 
and  40°C.  Systematic  trends  are  observed  which  can  be  Interpreted  in  terms  of 
rapid  relaxations  at  the  molecular  level.  The  effects  of  temperature  changes, 
impurities,  and  diffusion  will  be  mentioned. 

MATERIALS  PROCESSING  IN  SPACE,  A.  L.  Fripp* ,  R.  K,  Crouch, 

W.  J.  Debnam,*  and  I.  O.  Clark,  NASA  Langley  Research  Center, 
Hampton,  Va .  An  experiment  in  which  the  compound  semiconductor 
alloy,  PbSnTe,  will  be  directionally  solidified  is  scheduled  to 
be  conducted  aboard  the  Space  Shuttle.  Preparations  for  this 
experiment  have  been  extensive  not  only  in  understanding  and 
measuring  of  thermophysical  properties  of  the  material  but  also 
in  calibrating  the  flight  furnace.  This  talk  will  discuss  the 
requirements  for  and  the  results  of  these  preparations.  A  short, 
general  overview  of  the  advantages  of  crystal  growth  in  a  micro¬ 
gravity  environment  will  also  be  presented. 

MICROSTRUCTURAL  ANALYSIS  OF  IRRADIATED  FERRITIC  STEELS.  D.  Kim  Huiett*  Dept, 
of  Nuclear  Engr.  and  Engr.  Physics,  Univ.  of  Va.,  Charlottesville,  Va.  22901, 

S  W.A.  Jesser,  Dept,  of  Materials  Science,  Univ.  of  Va.,  Charlottesville,  Va. 
22901.  Ferritic  steel  alloys  of  pure  Fe,  Fe-O.lC,  Fe-0.lC-0.15Cu  and  Fe-O.lC- 
0.28Cu  were  irradiated  to  a  low  neutron  dose,  1  X  lo23n/m2.  Irradiation  temp¬ 
eratures  were  544,  580,  599  k.  TEM  investigations  were  used  to  study  subtle 
mi crostructural  changes  corresponding  to  hardness  changes  as  measured  by  the 
Vickers  microhardness  test.  No  radiation  damage  was  observed  by  TEM.  The 
copper-containing  alloys  were  given  particular  attention  using  EDS  and  extrac¬ 
tion  replica  techniques  to  obtain  information  about  precipitates.  Comparisons 
of  carbide  and  copper-containing  precipitate  densities  demonstrated  that  these 
densities  could  not  account  for  the  changes  in  hardness.  Performing  a  semi- 
quantitative  analysis  on  the  copper-containing  precipitates  led  to  the  conclu¬ 
sion  that  copper  present  in  submi croscopi c  clusters  was  the  primary  contributor 
to  hardness  changes. 

MEMORY  DISC.  Carrie  D.  Larson*,  Metallurgy  Lab.,  Reynolds  Metals  Company, 
Richmond,  Va.  23261.  Hard  discs  for  computers  have  a  5000  series  aluminum  alloy 
substrate.  As  discs  are  produced  to  contain  more  and  more  information,  the 
quality  of  the  aluminum  substrate  becomes  more  critical.  The  controlling 
quality  criteria  is  the  surface  roughness  which  must  be  between  ,5  and  1  micron. 
Controlling  the  second  phase  constituent  (FeMn)Alg  is  the  most  effective  way  to 
control  the  surface  roughness.  The  smaller,  more  evenly  dispersed  this  phase 
is,  the  smoother  the  disc.  This  second  phase  can  be  controlled  by  going  to 
higher  metal  purities,  casting  various  size  ingots,  using  a  different  casting 
method,  or  by  the  addition  of  constituent  refiners. 


128 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


APPLICATION  OF  MOLTEN  METAL  INSPECTION.  H.  A.  Lecky,  Metallurgy  Laboratory, 
Reynolds  Metals  Company,  Richmond,  VA  23219.  An  experimjggt  has  been 
conducted  to  confirm  that  the  results  of  the  Reynolds  4M  System  do 
correlate  with  cast  aluminum  product.  Molten  metal  monitoring  was 
performed  on  an  aluminum  alloy  prior  to  entering  a  casting  unit.  An 
intentional  trough  disturbance  was  created  upstream  of  the  4M™  System. 

A  very  significant  change  in  the  ultrasonic  characteristics  of  the 

TM 

molten  metal  was  detected  by  the  4M  System  indicating  lower  metal 
quality.  The  corresponding  cast  metal  was  evaluated  by  ultrasonic 
C-scans  and  typical  metallographic  techniques.  The  results  of  these 
additional  tests  confirmed  the  earlier  findings  of  the  4M™  System 
that  an  increased  number  of  discontinuities  were  present  in  the 
molten  metal  and  the  level  of  quality  had  decreased  significantly. 


COMPOCASTING  OF  METAL -MATRIX  COMPOSITES . John  W.  McCoy^&  T.E.  Hutchinson  *  Dept . 
of  Materials  Science,  Thornton  Hall,  Univ.  of  Va. , Charlottesville,  Va.  22901. 

The  addition  of  ceramic  particles,  whiskers,  or  flakes  to  metals  can  provide 
significant  increases  in  the  strength,  modulus,  and  wear  resistance  of  the  metal. 
Powder  metallurgy  is  the  method  most  commonly  used  to  incorporate  these  rein¬ 
forcements  into  the  metal.  Compocasting  is  an  alternative  to  the  P/M  method, 
whereby  the  reinforcement  is  poured  directly  into  a  vigorously  agitated  molten, 
or  partially  molten  metal,  which  is  then  cast.  A  series  of  compocasting  exper- 
ments  has  been  performed  involving  several  different  aluminum  alloys  and  rein¬ 
forcing  materials.  The  reinforcements  used  include  silicon  carbide  particles 
and  flakes,  and  alumina  fibers.  Problems  involving  wetting,  clumping,  and  agit¬ 
ation  will  be  discussed.  (Supported  by  Reynolds  Metals) 

SUBSURFACE  MICROSTRUCTURE  DETERMINATION  USING  A  METAL  PLATE  PROFILING  TECHNIQUE. 

David  D.  Makel  and  H.  G.  F.  Wilsdorf,  Dept,  of  Material  Science,  Univ.  of  Va., 
Charlottesville ,  Va.  22903.  Surface  fractography  is  an  important  tool  in  the 
analysis  of  processes  which  occur  during  ductile  fracture.  The  fracture 
surfaces,  however,  do  not  often  give  a  clear  indication  of  the  role  of  the 
underlying  microstructures  in  the  separation  process.  By  metal  plating  the 
fracture  surface  to  protect  the  fine  structure  and  then  sectioning  the  sample, 
the  microstructures  underneath  the  surface  can  be  observed.  This  gives  us 
valuable  information  regarding  the  plastic  zone  size  and  the  interaction  of  the 
microstructure  with  the  plastic  zone  prior  to  final  separation.  Comparing  these 
sectioned  micrographs  with  surface  micrographs  taken  prior  to  metal  plating 
allows  specific  surface  structures  to  be  positively  matched  with  the  subsurface 
microstructures.  This  makes  the  plating  and  sectioning  technique  an  important 
compliment  to  surface  fractography. 

w 

ULTRASONIC  TECHNOLOGY  FOR  MEASURING  MOLTEN  ALUMINUM  QUALITY.  T.  L.  Mansfield, 
Metallurgy  Laboratory,  Reynolds  Metals  Company,  Richmond,  VA  23219.  During 
the  melting  and  casting  of  aluminum  and  its  alloys,  the  presence  of  hydrogen, 
oxide  particles  and  other  inhomogeneities  in  the  molten  metal  can  give  rise 
to  defects  in  the  solid  metal.  The  ability  to  measure  the  hydrogen  content 
of  molten  aluminum  is  well  documented;  the  means  of  determining  the  presence 
of  oxide  particles  and  other  inhomogeneities  in  the  melt  is  not  as  well 
documented.  In  order  to  increase  our  understanding  and  control  of  the 
quality  aspects  of  aluminum  in  the  molten  state,  Reynolds  has  developed 
a  pulse-echo  ultrasonic  system.  Measurements  are  made  possible  through  the 
use  of  a  specially  designed  probe  which  is  immersed  in  the  molten  metal. 

A  discussion  of  the  background  and  description  of  the  equipment  will  be  given. 
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SUPERPLASTICITY;  THE  VISCO- PLASTIC  BEHAVIOR  OF  METALS.  Gary  Navrotski, 
Metallurgy  Lab.,  Reynolds  Metals  Company.  Richmond,  VA  23261.  Certain  metals 
exhibit  a  phenomenon  knoym  as  superplasticity  when  deformed  at  specific  combi¬ 
nations  of  temperature  and  strain- rate.  During  superplastic  deformation,  the 
metal  is  able  to  achieve  exceptionally  high  tensile  ductilities  and  can  thus  be 
formed  to  complex  shapes  in  a  manner  similar  to  that  used  for  many  plastics. 

This  paper  examines  the  mechanistic  and  microstructural  reasons  for  super¬ 
plasticity  and  illustrates  some  applications  for  this  technology  where  signifi¬ 
cant  cost  and  weight  savings  have  been  realized.  In  general,  it  is  found  that 
superplasticity  is  possible  with  strain-rate  sensitive  materials  due  to  their 
ability  to  retard  the  effects  of  localized  instabilities.  Grain  boundry 
phenomena  control  strain  accommodation  making  grain  size,  shape  and  stability 
of  prime  importance. 

DETERMINATION  OF  MECHANICAL  LUBRICANTS  IN  PETROLEUM-BASED  ALUMINUM 
ROLLING  OILS.  B.  L .  Riddle , *  E.  R.  Price,*  and  T.  E.  Kirk,* 
Reynolds  Metals  Company,  Richmond,  VA  23219.  In  the  production  of 
aluminum  sheet  and  foil,  rolling  speeds  and  product  quality  can  be 
adversely  affected  by  contamination  of  the  petroleum-based  process 
lubricant  with  mechanical  lubricants.  Past  methods  for  determining 
these  contaminants,  such  as  viscosity  measurement  and  infrared 
spectroscopy,  lacked  specificity  and  were  semi-quantitative.  A 
high  performance  size  exclusion  chromatographic  (HPSEC)  procedure 
which  overcomes  these  deficiencies  is  presented.  This  technique 
is  suitable  for  plant  quality  control  laboratories  since 
sophisticated  data  handling  equipment  is  not  required.  Applica¬ 
tion  of  this  HPSEC  method  is  illustrated  in  several  case  studies. 

OSTWALD  RIPENING  OF  BUBBLES  IN  HELIUM  IRRADIATED  NICKEL.  M.  L.  Satt1er>'c  and 
W.A.  Jesser,  Dept,  of  Materials  Science,  Univ.of  Va.,  Charlottesville,  VA  22901. 
Thin  samples  of  physical  vapor  deposited  nickel  were  irradiated  by  80  keV  helium 
ions  to  a  fluence  of  1.3  x  10^^  ions/m^.  The  irradiation  temperature  of  750°C 
was  such  that  the  final  microstructure  consisted  of  faceted  bubbles  randomly 
distributed  throughout  the  sample.  The  sample  was  annealed  at  600  and  650°C 
while  being  observed  in  the  TEM.  By  measuring  bubbles  in  one  particular  area, 
it  was  found  that  bubbles  of  all  sizes  tended  to  grow  at  600®C,  but  that  bubbles 
between  5  and  20  nm  tended  to  shrink  when  annealed  at  650®C.  The  large  bubbles 
grew  at  650®C.  There  was  no  coalescence  observed,  but  a  few  bubbles  were  seen 
to  nucleate  and  grow.  Because  of  these  events,  it  is  believed  that  the  mechan¬ 
ism  of  growth  occurred  by  Ostwald  ripening  as  well  as  additional  capture  of 
helium  from  lattice  traps. 

ANODIC  PORE  STRUCTURE.  D.  J.  Schardein,*  Metallurgy  Lab.,  Reynolds  Metals  Co., 
Rictmond,  VA  23261.  Ibe  idealized  schematic  view  of  the  pore  structure  of 
anodic  oxide  coatings  on  aliminim  usually  presented  is  only  statistically  true. 

A  unit  cell  of  actual  anodic  oxide  on  aluminum  bears  little  resemblance  to  the 
model.  Pore  and  cell  morphology  and  diameter  vary  with  alloy  and  anodizing 
conditions.  A  series  of  scanning  electron  microscope  micrographs  is  presented 
showing  this  variation  in  pore  structure.  Very  thin  coatings  produced  by  short 
anodizing  times  can  have  a  decided  structural  directionality.  Thicker  films 
have  a  randcm  and  irregular  structure  ^ich  assumes  an  average  close  pack 
hexagonal  organization.  The  thickest  films  produced  by  long  anodizing  times 
exhibit  very  poorly  defined  pore  and  cell  structure. 
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INTERESTING:  ALUMINUM  PO^ER  METALLURGY,  Ogle  R.  Singleton f  Reynolds  Metals 
Co.,  Met.  Lab.,  Richmond,  VA  23261  .  Research  in  aluminum  powder  metallurgy 
is  active.  Currently  sought  are  new,  higher  strength  alloys,  alloys  for  use 
at  high  temperatures,  and  super-plastic  forming  Al-Li  alloys.  Process  work 
seeks  to  improve  quality,  reduce  costs,  and  develop  better  fabrication  paths 
to  sheet,  plate  and  other  products.  Powder  is  produced  by  atomization, 
mechanical  attrition,  or  substrate  cooling.  Each  particulate  is  covered  with 
a  refractory  oxide  film.  This  film  and  its  sorbates  are  hinderances  to 
bonding  yet  excellent  metallurgical  bonding  is  needed  for  a  quality  product. 
Current  consolidation  schemes  use  a  vacuian  degassing  step  prior  to 
compaction  to  condition  the  oxide  film.  Example  alloys  and  properties  are 
given.  Evaluation  of  transverse  NTS/YS  is  required  for  QC?  fatigue  fractures 
reveal  contaminants  in  the  20+ym  range.  Study  of  the  proton-imbedded  oxide 
film  interaction  in  stress  corrosion  should  yield  exciting  new  insights. 


KINETICS  OF  THE  REACTION  BETWEEN  SCS-6  SIC  FIBERS  AND  TI  ( 6AL  4V) 
MATRIX,  W.  J.  Whatley*  and  F.  E.  Wawner,  Dept,  of  Materials  Science# 
U.  of  Va.  Titanium  alloy/SiC  composites  show  promise  for  high 
temperature  applications  such  as  fan  blades  for  gas  turbine 
engines.  Before  the  material  can  be  used  for  applications  which 
require  such  high  reliability,  it  is  vital  to  be  able  to  predict 
the  degradation  of  mechanical  properties  that  will  occur  at  use 
temperatures.  A  set  of  experiments  was  performed  so  that  the 
effective  activation  energy  of  the  reaction  between  the  fibers  and 
the  matrix  could  be  calculated.  These  results  can  be  used  to 
predict  the  rate  of  formation  of  the  reaction  zone  for  different 
exposure  times  and  temperatures.  This,  in  turn  can  be  used  to 
calculate  the  degradation  of  certain  mechanical  properties. 


SURFACE  ANALYTICAL  TECHNIQUES.  0.  P.  Hightman,  Chem.  Dept.,  Va.  Tech, 
Blacksburg,  Va.  24061.  Surface  characterization  is  important  in  a  number  of 
materials  science  areas  including  adhesion,  lubrication  and  corrosion.  There 
are  many  surface  analytical  techniques  available  today.  However,  x-ray  photo¬ 
electron  spectroscopy  (XPS),  Auger  electron  spectroscopy  (AES),  ion  scattering 
spectroscopy  (ISS)  and  secondary  ion  mass  spectroscopy  (SIMS)  have  proven 
particularly  useful  in  surface  analysis.  XPS  yields  unique  chemical  informa¬ 
tion  about  solid  surfaces.  Elemental  identification  and  bonding  state  may  be 
deduced  for  the  top  5  nm  of  any  solid.  The  principle  and  experimental  aspects 
of  the  XPS  technique  will  be  discussed.  The  XPS  technique  has  been  applied  in 
our  research  program  over  the  past  ten  years  to  a  number  of  problems  including 
the  analysis  of:  cesium  doped  tungsten  filaments,  pretreated  Ti  6“4  and 
graphite  fiber  composite  adherends  before  adhesive  bonding  and  following 
fracture;  and,  titanium  dioxide  pigments.  XPS  results  obtained  in  the  above 
areas  will  be  discussed. 

THE  EFFECT  OF  ALUMINUM  OXIDE  STRUCTURE  ON  ADHESIVE  BONDING,  Thomas  L.  Wilkinson! 
Reynolds  Metals  Company,  Richmond,  Virginia  23261.  When  one  wishes  to  bond 
aluminum  alloys  and  obtain  durable  bonds,  it  has  been  conventional  practice  to 
clean  and  remove  the  mill  oxide  chemically  and  deposit  another  oxide  surface 
which  then  is  more  receptive  to  forming  a  strong  adhesive  bond.  Much  work  has 
been  done  in  recent  years  by  the  adhesive  manufacturers  to  develop  adhesive 
systems  which  produce  durable  bonds  to  untreated  surfaces.  Their  efforts  using 
reactive  acrylic  and  rubber  modified  epoxies  have  been  largely  successful.  The 
more  one  knows  about  the  surface  to  be  bonded,  the  better  the  possibility  of 
producing  a  durable  bonding  system.  This  paper  addresses  some  of  those  factors 
concerning  the  aluminum  oxide  surface.  A  model  for  the  alximinum  oxide  structure 
is  presented  and  evidence  given  that  indicates  that  with  5182  alloy,  bond 
failure  can  be  related  to  failure  of  the  magnesium  oxide  within  the  aluminum 
oxide  structure. 
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ALTERATION  OF  LEVELS  OF  ENDOGENOUS  OPIOID  PEPTIDES  IN  CANINE  CSF  FOLLOWING  ACUTE 
ADMINISTRATION  OF  MORPHINE.  Michael  L.  Adams*,  Reiko  Natsuki*,  Edward  Bowman, 
Sandra  Welch*,  Billy  R.  Marti rran3~WiTl iam  L.  Dewey,  Department  of  Pharmacology, 
Medical  College  of  Virginia,  Richmond,  VA  23298.  CSF  samples  were  taken  from 
anesthetized  dogs  before  and  one  hour  after  an  acute  injection  of  10  mg/kg 
morphine.  Fractions  containing  opioid-like  peptides  were  separated  with  gel 
filtration  and  HPLC.  The  fractions  were  assayed  for  opiate-like  activity  using 
the  mouse  tail -flick  test  after  intraventricular  injection  in  mice  and  for 
quantities  of  known  opioid  peptides  by  RIA.  Fractions  of  CSF  from  morphine- 
treated  dogs  contained  greater  opiate  activity  and  more  met-enkephal in,  leu- 
enkephalin,  dynorphin,  and  beta-endorphin-like  immunoreactivity.  One  HPLC 
fraction  aws  found  to  contain  opiate-like  activity  when  separated  from  CSF  of 
morphine-treated  CSF,  but  not  from  control  samples.  Further  separation  of  this 
fraction  from  morphine-treated  samples  revealed  five  peptides  that  appeared  to 
contain  enkephalin  and  dynorphin  fragments  after  amino  acid  analysis.  The 
peptides  were  either  not  detected  or  found  in  much  lower  amounts  in  the  same 
fraction  from  control  samples.  (Supported  by  U.S.P.H.S.  grant  #DA-01647). 

METABOLISM  OF  INOSITOL  PHOSPHATES  IN  PMOTID  CELLS.  Debra  L.  Aub  and  James  W. 
Putney ,  Jr. ,  Dept.  Pharm.  and  Tox.,  MCV-VCU,  Richmond ,  VA“^32^8^.  Rat  parotid 
acinar  cells  were  used  to  investigate  the  time  course  of  formation  and  break¬ 
down  of  inositol  phosphates  in  response  to  receptor-active  agents.  Methacho- 
line  (MeC)  (10"*^M)  caused  a  substantial  Increase  in  cellular  content  of 
[^HjInsP,  [%]InsP2»  [%]InsP3.  Subsequent  addition  of  atropine  (10“%) 

caused  a  breakdom  of  [%]InsP3  and  [3H]InsP2  not  [%]InsP.  The  data 

could  be  fit  to  a  model  whereby  InsP3  and  InsP2  are  formed  by  phosphodieste- 
ratlc  breakdown  of  PtdIns-4,5-P2  and  PtdIns-4-P  respectively,  and  Ptdins  is 
formed  from  hydrolysis  of  InsP2  rather  than  from  Ptdins.  Consistent  with  this 
model  [%]InsP3  and  [%]InsP2  are  substantially  Increased  in  5  sec  while 
[^Hllns  was  barely  detectable  at  60  sec.  These  results  indicate  that  in  this 
tissue  only  polyphosphoinositides  breakdown  in  response  to  MeC.  Formation  of 
InsP3  may  act  as  a  second  messenger  signalling  internal  Ca"^  release.  In 
support  of  this  hypothesis  the  formation  of  InsP3  was  Ca  independent  and  the 
ionophore,  A23187  was  inactive.  Furthermore,  other  agonists  known  to  act  via 
Ca2+  mobilization  increase  tissue  InsP3  levels  while  those  acting  via  cAMP  had 
no  effect.  From  dose-response  curves  it  appears  that  InsP3  formation  follows 
receptor  occupation  and  preceeds  Ca2+  mobilization. 


THE  EFFECT  OF  PHOSPHATE  ON  THE  CARDIOTOXICITY  OF  ARSENATE  IN  VIVO.  WT  Bellamy, 
JL  Egle,&  LK  Garrettson,  Depts.  of  Pharmacy/Pharmaceutics  &  Pharmacology /Tox¬ 
icology, Med.  Col. of  Va. ,Va.  Commonwealth  Univ. , Richmond, Va.  23298.  There  is  a 
competitive  reaction  between  arsenate  and  phosphate  in  the  body  which  serves 
to  uncouple  oxidative  phosphorylation.  The  effects  of  both  arsenate  and 
arsenite  on  the  heart  were  studied  in  the  rat.  Heart  rate  slowing  was  decreased 
by  the  administration  of  phosphate  to  animals  receiving  arsenate  infusions,  but 
in  those  receiving  arsenite  it  had  no  effect.  To  determine  if  other  anions  had 
an  effect,  sulfate  and  acetate  were  infused  into  animals  receiving  arsenate. 
There  was  no  beneficial  effect  from  either  of  these  anions. These  findings 
suggest  that  the  administration  of  phosphate  may  have  a  beneficial  role  in 
reversing  the  effects  of  arsenate  poisoning  on  the  heart. 
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A^mLYSIS  OF  PHENOBARBITAL  AND  ITS  MAJOR  METABOLITES  IN  HUMAN  URINE,  Vi  jay  0, 
Bhaxgaya*,  Dept,  Pharmacy /Phannaceutics ,  William  H.  Seine,  Dept.  Medicinal  Chem¬ 
istry,  School  of  Pharmacy,  Lome  K.  Garrettson*,  School  of  Medicine,  Va.  Common¬ 
wealth  Univ.,  Richmond,  VA  23284.  The  quantitative  importance  of  1-^  -D-gluco- 
pyranosyl)phenobarbital  (PBG)  in  the  urinary  disposition  of  phenobarbital  (PB) 
is  currently  unknown.  An  HPLC  method  was  developed  for  quantitation  of  PB,  PBG 
and  p-hydroxyphenobarbital  (HPB)  in  urine  using  a  5y  C-18  reverse  phase  column, 
mobile  phase  of  15%  acetonitrile; 85%  phosphate  buffer  (pH  7.0,0.025M),  detector 
at  204nm  and  5-methyl-5-phenylhydantoin  as  internal  standard.  Quantitation  of 
HPB  and  its  0-glucuronide  was  achieved  by  analysis  of  the  urine  sample  before 
and  after  hydrolysis  with  S -glucuronidase .  Upon  analysis  of  urine  samples  from 
patients  on  chronic  PB  therapy,  the  PBG  fraction  ranged  from  0  to  50%  of  the 
phenobarbital  metabolites,  suggesting  a  large  inter-subject  variability  in  the 
rate  of  formation  of  PBG.  (Supported  by  the  Grants-in-Aid  Program  for  Faculty 
of  Va.  Commonwealth  Univ.). 

RATS  ON  DIFFERENT  LEVELS  OF  PROTEIN  NUTRITION  SUBJECTED  TO 
RESTRAINT  OR  NOISE:  SEPARATION  BY  SPECTRAL  ABSORBANCES  OF  BLOOD 
PLASMA.  Germille  Colmano,  R.  W.  Berlien,  A.  C.  Tischler,  C.  D. 
Sargent,  Div.  Vet.  Biol.  Coll.  Vet.  Med.,  VPI  &  SU,  Blacksburg, 

VA  24061,  &  G.  L.  Nunn,  Dept.  Math.,  Radford  Univ.,  Radford,  VA 
24142.  A  halving  of  circulating  blood  levels  of  protein  and 
ceruloplasmin  in  rats  on  a  low  (5%)  compared  to  a  medium-high 
(20%)  protein  diet,  indicated  malnutrition,  while  a  doubling  of 
the  corticosterone  and  of  the  ascorbic  acid  oxidation,  indicated 
stress.  To  determine  how  stress  interacted  with  protein  nutrition 
three  other  groups  of  growing  rats  on  a  4%,  15%  or  40%  protein 

diet  without  stress  were  compared  to  rats  subjected  to  restraint 
or  noise  stress.  All  groups  indicated  a  significant  statistical 
separation  (alpha  <0.05),  based  on  a  computerized  statistical 
canonical  discriminant  analysis  of  the  spectrophotometric 
absorbances  (186nm  to  650nm)  of  the  major  blood  plasma 
chromophores  (190nm  for  the  double  bond  of  proteins,  278nm  for 
the  aromatic  amino  acid  residues  of  proteins,  and  414nm  for 
bilirubin,  corrected  for  hemoglobin). 

REPAIR  OF  RAT  SCIATIC  NERVE  WITH  SUTURES  COATED  WITH  MONOLAYERS 
OF  METAL(S) -STEARATE.  Germille  Colmano,  J.  M.  Gregg,  W.  E. 
Schwab,  J.  C.  Keith,  T.  I.  Lidsky,  C.  Manetto,  Coll.  Vet.  Med., 
and  W.  G.  Herbert,  Cardiac  Rehabilit. ,  VPI  &  SU,  Blacksburg,  VA 
24061.  A  8  mm  section  of  the  sciatic  nerve  of  both  legs  of  rats 
were  cut  and  grafted  contralaterally .  One  side  was  sutured  with 
9-0  reabsorbable  (polygalactine )  Vicryl  microsutures  and  the 
other  side  with  9-0  reabsorbable  Vicryl  microsutures  coated  with 
monomolecular  layers  of-  metals  (Sodium,  Calcium,  Potassium) 
stearate  films.  Post-recovery  electromyography,  doppler 
plethysmography,  compound  action  potentials,  conduction 

velocities,  and  observation  of  leg  movements,  were  assessed.  The 
results  indicated  that  the  injured  sciatic  nerves  repaired  with 
metal  coated  sutures  were  superior  to  control  nerves  repaired 
with  uncoated  sutures.  Direct  observation  of  leg  movement, 
electromyographic  recordings,  and  vascular  flow  function, 
indicated  that  in  some  cases  nerve  conduction  was  reinstated. 
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CANONICAL  DISCRIMINANT  ANALYSIS  OF  CANCER,  HEART  AND  CONTROL 
PATIENT’S  DATA  FROM  SPECTROPHOTOMETRIC  SCANS  OF  PROTEIN 
CONCENTRATIONS  IN  BLOOD.  Germille  Colmano,  Div.  Vet.  Biol., 
Coll.  Vet.  Med.,  VPI  &  SU,  24061,  G.  L.  Nunn,  Dept.  Math.  Radford 
Univ.,  Radford,  VA,  24142,  and  R.  W.  Berlien,  DVB,  CVM,  VPI  &  SU, 
Blacksburg  VA,  24061.  Randomly  numbered  and  properly  diluted 
blood  plasma  or  serum  samples  were  scanned  from  650nm  to  186nm  by 
a  Varian  219  specrophotometer ,  and  465  points  were  directly 
entered  into  the  IBM  370  computer  system  of  VPI  &  SU  via  a 
microprocessor  controlled  interface  using  a  Decwriter  II.  Then 
the  absorbances  at  195nm  for  the  double  bonds  of  proteins,  at 
278nm  for  the  aromatic  amino  acids  of  proteins,  at  414nm  for  the 
hemoproteins,  at  610nm  for  ceruloplasmin,  and  their  ratios,  were 
used  as  markers  for  testing  by  discriminant  function  analysis. 
The  results  differentiated  hospitalized  patients  into  definite 
and  clinically  separable  groups:  1)  clinically  diagnosed  forms  of 
cancer;  2).  heart  problems;  3)  pregnant  women;  4)  other  control 
individuals  not  in  the  previous  group;  and  5)  all  the  non-cancer 
(2-4)  grouped  together. 

CHANGES  IN  OPIOID  PEPTIDES  IN  RAT  CSF  AS  AN  INDICATOR  OF  DRUG  INDUCED 
ALTERATIONS  IN  BRAIN  CHEMISTRY.  S.G.  Cook*,  H.S.  Wheeling*,  B.  Cobert*,  and 
W.L.  Dewey,  Dept,  of  Pharmacology  and  Toxicology,  MCV-VCU,  Richmond,  Va. 

23298.  The  results  of  investigations  carried  out  in  our  laboratories  have 
shown  that  morphine  causes  the  release  of  endogenous  opioid  peptides  in 
cerebrospinal  fluid.  These  peptides  have  been  shown  to  possess 
antinociceptive  activity.  Methodology  has  now  been  developed  for  acute  and 
chronic  sampling  of  CSF  in  rats.  Samples  were  pooled  and  analyzed  by 
radioimmunoassay  for  levels  of  certain  endogenous  opioid  peptides.  The  data 
obtained  from  acutely  sampled  rats  suggest  that  the  administration  of  10 
mg/kg  morphine  did  not  affect  the  level  of  Met-enkephal in  in  CSF.  However, 
there  was  some  indication  that  morphine  elevated  6-endorphin  and  decreased 
Leu-enkephalin  levels.  These  results  suggest  that  the  opioid  peptides  play 
an  integral  role  in  homeostatic  mechanisms  for  pain  and  its  alleviation. 
(Supported  by  U.S.P.H.S.  Grant  DA-01647). 

BIOCHEMICAL  AND  MORPHOLOGICAL  CHARACTERIZATION  OF  SMALL  INTRACELLULAR  PRECURSORS 
OF  LIPID  GLOBULES.  Christie  H.  Dapper,  Jude  T.  Deeney,  H.  Mohammed  Valivullah, 
and  Daniel  P.  Dylewski,  Dept,  of  Biochemistry,  VPI  &  SU,  Blacksburg,  VA  24061. 
In  rat  and  bovine  lactating  mammary  epithelial  cells,  immediate  precursors  of 
milk  lipid  globules  are  cytoplasmic  lipid  droplets  (CLD).  These  CLD  have  dia¬ 
meters  >lum  and  are  characterized  by  an  electron  dense,  granular  surface  coat. 
Enzymology  and  composition  of  the  surface  coat  of  isolated  CLD  were  studied.  A 
previously  unrecognized  group  of  structures  with  diameters  <0.5ym,  which  resem- 
3led  CLD  in  matrix  and  surface  coat  appearance,  was  observed.  The  surface  coat 
)f  these  tri acyl  glycerol  containing  structures  was  similar  to  that  of  CLD  in 
anzymatic,  polypeptide  and  polar  lipid  composition.  Morphological  evidence 
indicated  that  these  small  structures  may  originate  from  endoplasmic  reticulum 
and  fuse  with  CLD.  These  small  structures,  for  which  we  propose  the  name  micro 
lipid  droplets,  may  provide  tri acyl  glycerols  to  support  growth  of  CLD. 
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EFFECTS  OF  A  RUNNING  STRESS  ON  VITAMIN  A  STATUS  IN  THE  RAT.  B.A.  Doyle*,  H.R. 
Seibel,  R.B.  Brandt,  W.R.  Burden*  and  J.L.  Poland,  Depts.  of  Anatomy,  Biochem¬ 
istry  and  Physiology/Biophysics,  MCV-VCU,  Richmond,  Va.  23298.  Trauma  and  stress 
have  been  associated  with  decreased  plasma  vitamin  A  concentration  and  changes 
in  the  vitamin  A  transport  system.  This  study  examined  the  effects  of  a  running 
stress  on  plasma  and  hepatic  vitamin  A  as  well  as  plasma  zinc,  albumin  and  total 
protein  concentrations.  Studies  on  retinol-binding  protein  (RBP)  and  electron 
microscopy  of  liver  tissue  are  in  progress.  Rats  were  fed  either  normal  labora¬ 
tory  chow  or  a  vitamin  A  deficient  diet.  The  most  significant  results  were  seen 
in  animals  after  two  20  min  running  periods/day  for  7-14  days.  Plasma  vitamin  A 
and  zinc  levels  were  decreased  and  liver  vitamin  A  levels  increased  compared  to 
controls  in  normal  diet  rats.  Animals  on  deficient  diets  showed  significant 
decreases  in  plasma  vitamin  A  after  10  days  of  running.  Plasma  albumin  and  total 
protein  levels  generally  showed  no  significant  changes.  Preliminary  electron 
microscopic  studies  indicate  changes  in  liver  morphology  after  10  days  of  run¬ 
ning.  These  results  suggest  that  the  stress  of  running,  similar  to  other  stress 
models  causes  alterations  in  vitamin  A  status  in  rats.  Results  of  studies  on  RBP 
will  help  to  clarify  this  relationship. (Supported  by  funds  from  NFCR). 

MASS  SPECTRAL  CHARACTERIZATION  OF  POLYHYDROXY  GLUCURONIDES .  Deanne  M.  Dulik  and 
William  H.  Soine,  Dept.  Medicinal  Chemistry,  Sch.  of  Pharmacy,  Va.  Commonwealth 
Univ.,  Richmond,  VA  23298.  As  an  initial  study  on  the  metabolic  fate  of  pyro- 
gallol  it  was  necessary  to  characterize  the  glucuronide  conjugates  of  1,2,3-ben- 
zenetriol  (I)  and  2-methoxy-l, 3-benzenediol  (II).  Following  intraperitoneal  ad¬ 
ministration  of  I,  the  glucuronide  conjugates  present  in  the  urine  were  par¬ 
tially  purified  using  a  DEAE-sephadex  anion  exchange  resin  followed  by  elution 
with  1.5M  pyridine-acetic  acid  buffer  (it  was  necessary  to  include  0.05%  2-mer- 
captoethanol  in  all  mobile  phases  as  an  antioxidant) .  The  eluate  was  lypholized, 
silylated  and  upon  analysis  by  GC/MS  the  0-glucuronides  of  I  and  II  gave  a  weak 
M-15  of  the  intact  silylated  conjugate.  The  major  fragment  ions  were  character¬ 
istic  for  glucuronic  acid  (m/ z  465,  375  and  285)  and  the  aglycone  portion 
(following  a  trimethylsilyl  migration).  The  glucuronide  conjugates  were  the 
major  metabolites  with  I-glucuronide  accounting  for  46%  and  Il-glucuronide 
accounting  for  23%  of  the  dose. 

EFFECTS  OF  FLUOROACETATE ,  OUABAIN  AND  VANADATE  ON  EPITHELIAL  MEMBRANE  TRANSPORT. 
R.L.  Duncan* ,  C.O.  Watlington*,  T.U.L.  Biber*  and  E.G.  Huf*,  Depts. of  Medicine, 
and  Physiology  and  Biophysics.  Va.  Commonwealth  Univ.,  Richmond,  VA  23298.  To 
determine  if  transcellular  Na  transport  was  coupled  to  cellular  ionic  balance, 
various  concentrations  of  f luoroacetate ,  ouabain  and  vanadate  were  used  to  sep¬ 
arate  these  two  phenomena.  Na,  K  and  Cl  content  of  split  skins  was  obtained  by 
tissue  extraction  and  measuring  Na  and  K  by  flamepho tome try  and  Cl  by  electro¬ 
metric  titration.  A  reciprocal  relationship  existed  between  [Na]^  and  [K]^, 
while  [Najj.  +  [K]^  and  [CIJ^  remained  nearly  constant.  At  high  concentrations, 
all  drugs  decreased  transepithelial  potential  and  net  Na  flux.  However,  ouabain 
at  10“^M  had  a  much  greater  effect  on  transport  than  on  cellular  ion  balance 
and  f luoroacetate ,  even  at  10" had  no  effect  on  cellular  ion  balance .These 
results  are  compatible  with  the  concept  of  at  least  two  domains  within  the  epi¬ 
thelial  structure.  One  serves  primarily  transepithelial  active  transport  while 
another,  although  connected  with  the  former,  serves  to  maintain  ionic  balance. 
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ENHANCEMENT  OF  IMMUNOLOGIC  EFFECTS  Ilj^  THE  LUNG  BY  MVE-2.  N.K. 
Ellis  ,  C,T.  Schnizlein  ,  G.M.  Shopp  ^  P.H.  Coleman  and  A,E. 
Munson^  Dept,  of  Microbiology  and  Immunology,  MCV/VCU,  Richmond, 

VA  23298. 

Maleic  vinyl  ether  (MVE-2),  a  15,000  MW  polyanion,  is  a 
potent  immunostimulator.  Within  72  hr  of  instillation  of  MVE-2 
in  the  lung,  a  20-40%  increase  in  the  cytolytic  activity  of  NK 
cells  could  be  demonstrated  in  vitro.  Cytostatic  activity  of 
lung  adherent  cells  against  B16F10  tumor  cells  in  vitro  increased 
30-70%,  5  days  after  MVE  administration.  Xn  vivo*  MVE-2  (25 
mg/kg  body  wt)  given  3  days  before  challenge  with  Strep,  pneumo¬ 
niae  resulted  in  up  to  a  75%  decrease  in  mortality.  Mice  treated 
with  MVE-2  developed  90-100%  fewer  lung  tumor  nodules  after 
challenge  with  B16F10  tumor  cells. 

Supported  by  a  grant  from  Hercules,  Inc, 

NETWORK  THERMODYNAMIC  MODELING  OF  HORMONE  REGULATION  OF  Na+  TRANSPORT  IN  EPITHE- 
LIA.  Mark  L.  Fidelman*  &  D.C.  Mikulecky,  Dept,  of  Physiol.  &  Biophys . ,  Med.  Col. 
of  Va. ,  Richmond,  Va.  23298.  Many  biological  systems,  such  as  transporting  epi- 
thelia,  present  investigators  with  coupled,  interactive  dynamic  processes  embed¬ 
ded  within  complex  structures.  In  such  systems  it  is  virtually  impossible  on 
just  intuitive  or  descriptive  levels  alone  to  devise  hypotheses  which  can  accu- 
ratly  account  for  observed  behavior  and  experiments  which  can,  in  fact,  distin¬ 
guish  between  alternative  hypotheses.  A  Network  Thermodynamic  model  has  been  de¬ 
veloped  to  describe  ion  flows  (Na+,  K"*",  Cl“)  and  related  electrical  events  in  a 
well-defined  epithelium  in  culture  (A6) .  Proposed  mechanisms  of  action  in  the 
literature  for  the  regulation  of  Na"^  transport  by  insulin  and  aldosterone  were 
examined  using  the  model  and  were  found  to  inadequately  account  for  observed  be¬ 
havior.  These  simulations  demonstrate  how  the  constraints  of  electroneutrality 
and  osmotic  equilibrium  require  strict  coordination  of  transport  between  the  a- 
pical  and  basolateral  cell  membranes. 


COMPARATIVE  STUDIES  ON  PATHOGENIC  AND  N0NPATH06ENIC  NAEGLERIA  SP.  D.  E. 

Fulford,  M.  Cline  and  F.  Marciano-Cabral .  Dept,  of  Microbiology  and  Immunology. 
Medical  College  of  Virgin! a -Virgin! a  Commonv/eal th  University,  Box  678,  MCV 
Station,  Richmond,  Va.  23298.  The  cytopathic  potential  of  Naegleria  fowleri 
amoebae  and  amoebic  lysates,  pathogenicity  for  mice,  presence  of  food  cups,  and 
chemotaxis  of  live  amoebae  for  mammalian  cells  were  investigated.  Naegleria 
fowleri  strains  LEE  and  mouse  passaged  LEE  (LEEmp)  were  pathogenic  for  mice, 
whereas  austral iensis ,  N.  lovaniensis ,  and  gruberi  were  not.  Lysates  of 
all  strains  of  fowleri  TLEE,  LEEmp,  KUL,  6088,  HB-4)  tested  as  well  as 
austral iensis ,  Tovaniensis ,  and  _N.  gruberi  produced  cytopathic  effect  as 
measured  by  the  reTease  of  ^"^Cr  from  radiolabeled  B-103  rat  neuroblastoma  cells. 
Live  amoebae  of  the  various  strains  of  J^.  fowleri  likewise  produced  similar 
cytopathic  effects  on  ^“^Cr  labeled  B-103  cel  Is.  N.  fowleri  were  shown  to  be 
chemotactic  for  mammalian  cells  whereas  austral  iensis ,  _N.  lovaniensis,  and  j^. 
gruberi  were  not.  Food  cups  were  present  on  N.  fowleri  and  N.  austral iensis 
amoebae,  but  were  not  observed  on  N.  lovaniensis  or  gruberi .  These  studTes 
suggest  that  in  vitro  cytopathic  eTfects  do  not  correlate  with  pathogenicity  for 
mice.  (Supported  by  Virginia  Electric  and  Power  Company  and  NCI  Training  Grant 
2T32CA0P210-06}. 
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Purification  and  Characterization  of  Macrophage  Activating  T»Cell  Hybridoma 
Lymphokines.  W.  S.  Futch*  and  L.  B.  Schook*,  Dept,  of  Microbiology  and 
Immunology, MCV-VCU,  Richmond,  VA  232987 

Determination  of  the  effects  of  unique  lymphokines  (LK)  for  the  ability  to 
activate  macrophage  is  best  approached  at  the  single  cell  level.  However, 
obtaining  enough  material  is  impossible.  In  order  to  approach  questions 
concerning  lymphokine  production  and  macrophage  (M0)  activation  we  constructed 
T-cell  hybridomas  by  fusing  HAT  sensitive  BW5147  cells  with  nylon  purified,  con  A 
stimulated  T  cells.  The  resulting  hybridomas  were  screened  for  their  ability  to: 
(a)  protect  M0  from  the  cytopathic  Naegleria  parasite;  (b)  induce  la  expression; 
(c)  increase  tumoricidal  activity;  (dj  increase  melanoma  cytostasis;  (e)  alter 
ectoenzyme  expression  on  either  resident  or  thioglycolate  recruited  (TG)  M0.  Two 
hybridomas  were  selected  on  the  basis  of  their  activity  patterns  and  supernatants 
were  compared  to  cloned  y-IFN  for  biological  activity. 

ENDOGENOUS  PROTEIN  PHOSPHORYLATION  INDUCED  BY  PHORBOL  DIESTERS  IN  HL-60  CELLS. 
James  R.  Gaut  and  R.  A.  Carchman,  Depts.  of  Physiol.  &  Pharmacol.,  Med.  Col.  of 
Va.,  Richmond,  Va.  23298.  Studies  on  the  effects  of  phorbol  diesters  (PDEs)  on 
HL-60S,  a  human  leukemia  cell  line,  demonstrated  ^  a  3  fold  increase  in  PDE  bind 
-ing  sites  when  the  cells  were  differentiated  into  granulocyte-  like  cells.  Be¬ 
cause  of  the  discovery  that  protein  kinase  C  and  PDE  receptors  co-purify,  sub¬ 
sequent  experiments  have  examined  the  endogenous  substrates  for  this  enzyme  in 
DMSO-differentiated  HL-60s  when  treated  with  PDE  using  SDS  polyacrylamide  gel 
electrophoresis.  Broken  cell  preparations  labelled  withY32P-ATP  demonstrated 
the  phosphorylation  of  a  70. 8K  protein  by  phorbol  12-myri state,  13-acetate(PMA) . 
Phosphorylation  of  the  70. 8K  moiety  occurred  within  15  seconds  in  a  concentra¬ 
tion  dependent  manner.  Inactive  phorbol  analogs  were  incapable  of  inducing  70. 8K 
protein  phosphorylation.  The  phosphorylation  of  this  protein  was  not  dependent 
on  the  cyclic  AMP  requiring  protein  kinase  nor  was  this  protein  observed  in  un¬ 
differentiated  HL-60s. 

DIFFIRIIITIAL  PRESSOR  EFFECTS  OF  AMGIOTIMSHI  AEALOGS.  J.  Gipson*  and  K.  C.  Carles 
Vircinla  Union  UnlT.j  Richmond^  VA  23220  and  Dept,  of  Physiology  and  Blop^sies^ 
MCV-VCU,  Richmond,  VA  23298,  The  pressor  effects  of  angiotensin(A-II)  Ile^  and 
A-II  Vais,  and  the  enhancement  of  these  pressor  effects  by  urea  were  studied  in 
8  Mew  Zealand  white  rabbits  anesthetised  I.t.  with  30  mg/kg  Ma  pentobarbital. 

The  jugular  Tein  was  cannulated  for  alternate  infusion  of  the  infusion  Tehicle, 
D5¥,  and  the  test  substances  while  the  carotid  artery  was  cannulated  for  blood 
pressure  measurements.  Infusions  of  various  concentrations  of  A-II  Tle^  or  A-II 
Val^  at  a  rate  of  0.5  ml/min  were  made  \mtil  a  pressor  dose  of  20  mm  Ig  increase 
in  diastolic  pressure  was  obtained.  The  pressor  doses  of  the  analogs  were  not 
significantly  different,  75  ^  12  ng/kg/mln  for  A-II  IleS  and  86  *  13  ng/kg/min 
for  A-II  Val5.  Pressor  effects  of  the  same  magnitude  were  obtained  at  signifi¬ 
cantly  lower  concentrations  of  the  analogs  in  6.7  M  urea.  lowever,  the  required 
concentration  of  the  endogenous  analog,  A-II  Il@5,  was  considerably  less (19  ^  3 
ng/kg/min)  than  that  for  A-II  Val5(36  ^  9  ng/kg/min).  These  data  suggest  that 
the  set  of  receptors  stimulated  by  the  analogs  alone  was  different  from  those 
stimulated  in  the  presence  of  urea.  The  greater  enhancement  of  the  A-II  IleS  by 
the  urea  is  presumably  because  it  is  endogenous  to  the  rabbit.  (Supported  in 
part  by  MU  IL0T30y). 
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A  SYSTEM  FOR  INTERFACING  MICROCOMPUTERS  WITH  CONVENTIONAL  LABORATORY  INSTRUMENTS. 
Steven  J.  Goldberg  and  Thomas  M.  Harris ,  Dept,  of  Anatomy,  M.C.V.-Va.  Common¬ 
wealth  Univ.  Richmond,  VA  23298.  Accessability  to  "relatively"  inexpensive 
microcomputers  and  availability  of  software  designed  for  lab  applications  have 
rapidly  expanded  the  role  of  computers  in  individual  research  labs.  The  system 
we  describe  permits  interfacing  any  conventional  laboratory  recording  instrument 
with  a  suitably  programed  microcomputer.  The  major  components  are  an  amplifier, 
a  multichannel  F.M.  audio  tape  recorder,  and  an  analog-to-digital  converter. 
Variable  voltages  from  the  lab  instrument  are  amplified  to  a  strength  suitable 
for  the  recorder  which  stores  the  signal.  The  recorded  signal  is  played  back 
through  the  A-D  converter  that  feeds  the  corresponding  digital  signal  to  the 
computer.  Among  the  unique  advantages  of  the  amplifier /recorder  arrangement,  is 
the  ability  to  duplicate  at  several  different  magnitudes  the  single  signal  from 
the  lab  instrument,  and  transmit  simultaneously  these  signals  to  the  multi¬ 
channel  recorder.  In  addition,  by  recording  at  slow  speed,  such  as  1  7/8  inches 
per  second,  and  replaying  at  faster  speeds,  such  as  15  IPS;  the  F.M.  recorder 
can  compress  real-time  events  by  six  orders  of  magnitude. 

A  COMPARISON  OF  THE  BEHAVIORAL  EFFECTS  AND  SAR  OF  METHOXY-SUBSTITUTED  PHENYLISO- 
PROPYL  AMINES,  A.  E.  Hauck* ,  R.  Young*,  R.  A.  Glennon*.  Department  of  Medicin¬ 
al  Chemistry,  MCV/VCU,  Richmond,  VA  23298.  Phenylisopropylamine  (PIA)  serves 
as  the  basic  structural  skeleton  both  of  the  CNS  stimulant  amphetamine  (AlffH) 
and  of  hallucinogenic  agents  such  as  DOM.  A  large  number  of  methoxy  PIAs  are 
centrally  active,  but,  most  have  not  been  well  studied.  Previous  mechanistic 
studies  on  methoxy  PIAs  have  not  been  rewarding;  this  may  be  a  direct  result  of 
non-commonality  of  behavioral  effect.  Using  rats  trained  to  discriminate  either 
1  mg/kg  of  (+)AMPH  sulfate  or  (+)DOM  HCl  from  saline  in  a  two-lever  operant 
task,  it  was  possible  to  classify  these  agents  as  being  APffH-like  or  DOM-like. 
Further,  comparisons  of  ED50  values  allowed  for  the  development  of  structure- 
activity  relationships  (SARs)  within  each  activity-series.  (Supported  by 
A.  D.  Williams  Fund  and  DA-01642). 

INTERMEDIATE  FILAMENTS  IN  HUMAN  PROSTATE  EPITHELIAL  CELLS  IN  VIVO 
I_N  V^TRO.  M.E.  Holman*  and  D,J.  Merchant,  Dept,  of 
Microbiology  and  Immunology,  Eastern  Virginia  Medical  School, 
Norfolk,  Va.  23501.  Prostate  epithelial  cells  undergo  extensive 
morphologic  change  when  cultured  for  several  passages.  The  nature 
of  these  changes  suggest  an  attempt  by  these  cells  to 
differentiate  while  in  an  ^  vitro  environment.  Evidence  for 
these  statements  will  be  provTWed  by  comparing  intermediate 
filament  patterns  (specifically  keratin)  of  ^  vitro  and  ^  vivo 
prostate  epithelial  cells.  Immunoperoxidase  and  immunof luorescent 
preparations  of  prostate  intermediate  filaments  will  be  presented. 

A  brief  discussion  of  ^  vitro  intermediate  filament  patterns  of 
prostate  cells  cultured  in  a  reduced  calcium  ion  medium  will  also 
be  included.  (Supported  by  the  Nat.  Cancer  Inst.,  grant  number 
23699-05) 
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RAPID,  HIGH  TEMPERATURE  GLUCOCORTICOID  RECEPTOR  (GR)  EXCHANGE  ASSAY. 

John  R.  Hubbard,  Tanvir  A.  Shirwany,  Dix  P.  Poppas,  and  Mohammed  Kalimi, 

Dept.  Physiology  &  Biophysics,  MCV/VCU,  Richmond,  VA  23298. 

Glucocorticoid  hormones  have  many  important  biochemical  and  pharmacologi¬ 
cal  roles.  An  initial  step  in  glucocorticoid  action  appears  to  be  the  binding 
of  hormone  to  specific  cytosolic  receptor  proteins.  Measurement  of 
glucocorticoid  receptors  (GR)  is  therefore  of  great  scientific  and  clinical 
interest.  A  major  problem  in  assaying  GR  levels  is  that  many  receptors  are 
already  bound  with  endogenous  unlabeled  hormone.  In  this  study,  we  have 
developed  a  rapid,  simple,  high  temperature  exchange  assay  for  the  hepatic 
GR.  This  novel  method  is  based  on  the  rapid  dissociation  of  steroid- receptor 
complexes  at  elevated  (15-25®C)  temperature  and  reassociation  of  GR  with 
[  H] dexamethasone  in  the  presence  of  lOmM  molybdate  plus  5mM  dithiothreitol. 
Essentially  complete  exchange  occurred  within  120-160  min  at  15 ®C,  and  near 
(80-95%)  complete  exchange  occurred  within  60  min  at  25®C.  Neither  molybdate 
alone  nor  dithiothreitol  alone  was  able  to  facilitate  complete  exchange. 
Applying  this  assay  to  a  physiological  situation,  we  found  that  unbound 
cytosolic  GR  were  reduced  about  50%  in  swim-stressed  rats,  while  total  receptor 
levels  (using  the  exchange  assay)  were  depressed  only  10-15%. 

PHORBOL  ESTER  MEDIATED  SECRETION  FROM  HUMAN  PERIPHERAL  BLOOD  MONOCYTES.  Barbara 
A.  Kel 1y>  Robert  J.  Sturnij  David  T.  Molowa  and  Richard  A.  Carchman.  Medical  Col, 
of  Virginia,  Richmond,  Va.  23298.  PMA  (Phorbol-12-myristate-13-acetate) ,  a  po¬ 
tent  tumor  promoter,  stimulated  the  secretion  of  the  lysosomal  enzyme,  N-acetyl- 
6-D-glucosaminidase  (NAGA)  from  human  monocytes.  PMA  elicited  a  concentration- 
dependent  (EC^q  =  20nM)  increase  in  NAGA  secretion.  This  time-dependent  release 
(22%  of  total  enzyme  at  10“'^M  PMA)  reached  a  maximum  response  at  60  min.  Fur¬ 
ther  studies  of  various  diterpene  derivatives  conducted  at  90  min.  incubations 
revealed  a  structure  activity  relationship  similar  to  that  which  we  have  pre¬ 
viously  reported  in  mouse  macrophages  (Can.  Res.  1923-1928,  1981).  These 
results  represent  a  unique  stimulation  of  lysosomal  enzyme  secretion  by  a  solu¬ 
ble  ligand,  PMA,  in  the  human  monocyte.  Furthermore,  the  characteristics  of 
this  stimulation  are  consistent  with  the  observation  (J.  Clin.  Invest.  70:699- 
706,1982)  that  phorbol  ester-monocyte  responses  may  be  receptor  mediated.  (Sup¬ 
ported  by  NIH  5  T32  ES07087,  NIH/NIDR  DE05139,  and  EPA  R-808861010) . 

TUMORIGENESIS  IN  NORMAL  AND  ATHYMIC  MICE  BY  A  LINE  OF  HUMAN  PLACENTAL  CELLS. 

ju 

S.J.  Kendrick*  ,  L.H.  Pentz  ,  Department  of  Biology,  Mary  Baldwin  College, 
Staunton,  VA  24401 

Syngeneic  normal  and  nude  (T-cell  deficient)  mice  were  injected  with  a 
cultured  line  of  hydatidiform  mole  cells  (HMM)  exhibiting  hCG  as  a  surface 
antigen.  Based  on  our  observations  that  nude  mice  consistently  grew  tumors 
when  subjected  to  a  rather  low  challenge  of  HMM  cells  while  the  immunocom¬ 
petent  mice  did  not,  we  conclude  that  the  major  in  vivo  resistance  mechanism 
against  HMM  proliferation  is  T~cell  dependent.  No  antibodies  to  hCG  or  other 
HMM  surface  antigens  could  be  demonstrated  by  the  Ouchterlony  method  of 
immunodiffusion  for  normal  and  nude  sera.  However,  preliminary  results  by 
a  n  indirect  immunofluorescence  procedure  indicate  that  antibodies  may  have 
been  produced  in  the  normal  mice,  suggesting  that  B  cells,  as  well  as  T  cells, 
may  be  involved  in  HIM  tumor  suppression  in  a  murine  system. 
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REVERSING  THE  EFFECTS  OF  ELEVATED  BLOOD  PRESSURE  ON  THE  CENTRAL  NERVOUS  SYSTEM  BY 
ANTIHYPERTENSIVE  TREATMENT.  H.E.  King,  R.E.  Miller*  &  A.P.  Shapiro*,  Dept,  of 
Psychol.,  Washington  &  Lee  Univ. ,  Lexington,  Va.  24450.  Mildly  hypertensive 
patients  were  shown  in  a  prior  study  to  perform  significantly  less  effectively  on 
several  sensory-perceptual,  cognitive  and  psychomotor  tests  than  did  matched  nor- 
mo tensive  controls.  In  order  to  determine  whether  these  deficits  were  attribu¬ 
table  to  elevated  blood  pressure  per  se,  hypertensive  and  control  subjects  were 
recalled  15  months  after  the  original  tests  for  reexamination.  The  results  indi¬ 
cated  that  those  hypertensives  in  whom  blood  pressure  had  been  lowered  with  anti¬ 
hypertensive  drugs  showed  significant  restoration  of  performance  scores  toward 
the  levels  of  performance  of  normotensive  subjects.  Hypertensives  who  had  not 
received  active  treatment  remained  deficient  as  compared  with  the  controls. 

These  findings  indicate  that  behavioral  deficits  in  mild  hypertension  are  rever¬ 
sible  consequences  of  the  central  nervous  system  effects  of  elevated  blood  pres¬ 
sure.  (Supported  by  Grant  5  ROl  HL20724  from  the  Nat’l.  Heart,  Lung  &  Blood  Inst. 

SEROTONIN-MEDIATED  RELEASE  OF  LH  IN  OVARIECTOMIZED  (OVX)  ESTROGEN-TREATED  RATS. 
Connie  S.  Kitts*  and  James  H.  Johnson,  Department  of  Anatomy,  MCV/VCU,  Richmond, 
VA  23298.  Stimulation  of  DRN  in  OVX  rats  decreases  plasma  LH  via  serotonin 
(5~HT)  receptors  (Endocrinol.  102:1199).  The  present  studies  were  undertaken  to 
investigate  the  effect  of  estrogen  and  the  role  of  5-HT  during  DRN  electrical 
stimulation.  OVX  rats  were  implanted  with  a  bipolar  electrode  in  DRN.  Blood 
samples  were  collected  from  unanesthetized  rats  via  a  jugular  cannula  at 
10-min  intervals  and  plasma  was  assayed  for  LH  by  RIA.  Mean  LH  in  prestimulation 
and  stimulation  samples  were  compared  in  each  group  by  paired  t-test.  Plasma 
LH  decreased  in  unprimed  rats  during  stimulation  but  increased  in  EB-primed 
rats.  Two  5-HT  receptor  blockers,  ketanserin  and  metergoline,  failed  to 
antagonize  the  effect  of  stimulation  in  unprimed  rats,  but  blocked  the  increase 
in  LH  in  EB-primed  rats.  These  data  indicate  that  in  the  presence  of  estrogen 
LH  release  can  be  stimulated  by  a  serotonergic  mechanism.  (Supported  by  NIH 
Grant  HD  12165). 

PHENOTYPIC  CHARACTERIZATION  OF  RODENT  FOLLICULAR  DENDRITIC  CELLS  (FDCs)  USING 
MONOCLONAL  ANTIBODIES.  Marie  H.  Koscof  Andras  K.  Szakal ,  Dept,  of  Anatomy,  and 
John  G.  Tew?  Dept,  of  Microbiology  &  Immunology,  Med.  Col.  of  Va.,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va.  23298.  FDCs  can  be  identified  in  situ  &  in  vitro 
by  their  distinct  morphology  and  ability  to  retain  cytochemical ly  detectable 
antigens  on  their  plasma  membrane  through  binding  of  immune  complexes.  To 
further  characterize  phenotypic  features  of  FDCs,  we  have  utilized  several  mono¬ 
clonal  antibodies  in  conjunction  with  immunofl uorescent  techniques  to  identify 
the  specific  surface  antigens  they  express.  Determination  of  the  presence  of 
the  la  antigen  was  accomplished  using  mice  and  rat  lymph  node  sections  and  iso¬ 
lated  FDC  preparations  as  well  as  preparing  sections  of  mouse  lymph  nodes  for 
transmission  electron  microscopy.  Other  molecules  demonstrated  to  be  expressed 
by  FDCs  include  CLA,  H-2K,  and  a  receptor  for  the  FcRII,  as  shown  by  the 
reaction  of  2.4G2  with  FDCs.  Macrophage  markers  such  as  those  recognized  by 
Mac-1,  Mac“2,  and  F4/80  were  determined  to  be  absent  from  FDCs  as  well  as  Lyl 
and  Thy-1  antigens.  This  pattern  of  antigenic  expression  supports  the 
increasing  data  that  FDCs  are  a  novel  cell  type  which  play  an  important 
accessory  role  in  the  immune  response.  This  research  was  supported  by  NIH 
Grant  AI  17142. 
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EFFECTS  OF  OPIATES  AND  SEROTONIN  ON  STRESS- INDUCED  PROLACTIN  RELEASE. 

Susan  E.  Lenahan*  and  James  H.  Johnson,  Dept,  of  Anatomy,  MCV,  Richmond,  VA. 

The  role  of  both  the  opiate  and  serotonin  systems  in  mediating  restraint 
stress  prolactin  release  was  studied  in  adult  female  ovariectomized  rats  by 
treatment  with  agonist  and  antagonist  drugs  of  both  systems  along  with 
confinement  in  plexiglass  restrainers.  Blood  samples  (0.6cc)  were  taken  at 
time  zero,  5,  15,  30,  and  60  minutes  after  onset  of  treatment  via  an 
intra-atrial  cannula  inserted  3  days  earlier.  Plasma  was  assayed  for  prolactin 
by  the  double  antibody  radioimmunoassay  technique.  Prolactin  increased  at  all 
time  periods  after  restraint  stress.  Stimulating  the  opiate  system  with 
morphine  augmented  restraint  stress  prolactin  release,  whereas  inhibitors  of 
the  opiate  and  serotonin-2  systems  decreased  this  response.  These  data  suggest 
that  both  serotonin  and  opiate  systems  may  be  involved  in  restraint  stress 
prolactin  release,  although  the  nature  of  interdependence  remains  to  be 
clarified.  (Supported  by  NIH  grant  HD-12165). 

CORRELATION  OF  BIODISPOSITION  WITH A9-TETRAHYDROCANNABINOL  ANALGESIA.  P.J.  Litt& 
R.  L.  Winkler*and  B.  R.  Martin,  Dept.  o£  Pharmacol.  §  Toxicol..  Med.  Col.  Va. , 
VCU,  Richmond,  Va.  23298.  It  was  recently  demonstrated  that  A^- tetrahydrocan¬ 
nabinol  (THC)  is  45  times  more  potent  as  an  analgesic  in  mice  when  given  iv  as 
opposed  to  sc,  whereas  morphine  sulfate  is  equipotent  by  either  route  of  admin¬ 
istration.  To  determine  whether  the  different  potencies  are  due  solely  to  pharm 
"acokinetic  factors,  mice  were  injected  either  iv  1  mg/kg  a9“3h- THC  and  decap¬ 
itated  5  min.  later  or  sc  45  mg/kg  and  decapitated  20  min.  later,  (time  and  dose 
which* produce  ED  50 ’s).  Levels  of  3h- A9-THC  were  quantitated  in  brain  areas 
and  plasma.  There  was  a  general  distribution  of  3h-a9-thC  in  all  brain  areas 
of  both  treatments.  Also  the  brain  areas  of  iv  treated  animals  contained  levels 
of  3h- A  9-tHC  that  were  approximately  4  times  greater  than  those  in  sc  treated 
mice.  The  weak  analgesic  activity  of  A^-JIIC  by  the  sc  route  is  clearly  not  due 
to  insufficient  brain  concentrations  of49-THC.  (Supported  by  grants  DA- 00490 
and  Grants -in- Aid  Program  for  Faculty  of  VCU). 

DISCRIMINATIVE  STIMULUS  PROPERTIES  OF  THE  5-HT  AGONIST  l-(3-TRIFLUOROMETHYLPHEN- 
YL)PIPERAZINE  (TFMPP) .  J . D .  McKenney*  R.  Young  and  R.A.  Glennonf  Dept,  of  Medi¬ 
cinal  Chemistry,  MCV/VCU,  Richmond,  VA  23298.  Drug  Discrimination  can  be  uti¬ 
lized  for  mechanistic  studies  and  for  investigations  of  structure-activity  rela¬ 
tionships  (SAR).  In  an  effort  to  gain  insight  about  a  subpopulation  of  seroto¬ 
nin  (5-HT)  receptors  twelve  rats  were  trained  to  discriminate  1.0  mg/kg  of  the 
purported  S-HTj^  selective  agonist  TFMPP  HCl  from  saline  using  a  standard  two- 
lever  drug  discrimination  procedure.  Once  trained,  the  animals  displayed  a  dose* 
related  decrease  in  discriminative  performance  upon  administration  of  lower 
doses  of  TFMPP.  Tests  of  stimulus  generalization  were  performed  using  the  5-HT 
agonists  RU-24,969  and  1- (2, 5-dime thoxy-4-me thy Iphenyl) -2-aminopropane  (DOM). 
While  TFMPP  produced  stimulus  effects  similar  to  those  of  RU-24,969,  these 
effects  seem  to  be  dissimilar  to  those  of  DOM.  The  results  of  the  present  study 
suggest  that  the  discriminative  stimulus  effects  of  TFfffP  may  involve  a  b-HTp- 
related  mechanism.  (Supported  by  A.  D.  Williams  Fund  and  DA-01642) . 
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CHARACTERIZATION  OF  A  HUMAN  LYMPHOKINE  WITH  ANTI-GLIOBLASTOMA  ACTIVITY  IN  VITRO. 
Randall  E.  Merchant^  Alfred  T.  Nelsont  and  Harold  Young*  (Spon:  M.M.  Sholley). 
Depts.  of  Anatomy  and  Neurosurgery,  MCV-VCU,  Richmond,  VA  23298. 

Human  glioblastoma  cell  lines  show  a  profound  suppression  of  growth  and  protein 
synthesis  and  decreased  absolute  numbers  when  exposed  to  supernatants  (SNs)  of 
Concanavalin  A  -  stimulated  human  lymphocytes.  This  inhibition  is  evident  1-3  d 
after  adding  SN  and  occurs  at  SN  concentrations  as  low  as  1%.  Furthermore,  the 
cloning  efficiency  of  glioblastoma  stem  cells  decreases  10-  to  100-fold  depend¬ 
ing  on  the  SN  dosage.  Inhibition  of  other  tumor-types  is  variable  although  gli¬ 
oma  cells  appear  to  be  most  sensitive.  The  inhibitory  activity  remains  if  the 
SN  is  heated  to  56°  but  is  destabilized  at  temperatures  of  80°  and  higher.  Fil¬ 
tration  of  SNs  with  Centricon  microconcentrators  reveals  that  the  inhibitory 
factor(s)  has  a  molecular  weight  near  to  but  greater  than  30,000.  Further  iso¬ 
lation  of  the  inhibitor  will  determine  whether  the  l^phokine(s)  is  a  distinct 
new  factor  or  a  known  one  with  a  heretofore  unrecognized  effect. 

ION  TRANSPORT  IN  THE  TONGUE  EPITHELIUM  AND  ITS  ROLE  IN  TASTE.  £.  Mierson, 
J.A.  DeSimone,*  G.L.  Heck,*  and  S.K.  DeSimone,*  Dept,  of  Physiology/Biophysics , 
Medical  College  of  Va. ,  Va.  Commonwealth  Univ. ,  Richmond,  VA  23298.  The  dorsal 
surface  of  the  tongue,  containing  taste  buds,  has  long  been  assumed  to  be 
impermeable  to  electrolytes.  We  have  evidence  that  ion  transport  through  the 
taste  cell  is  an  early  event  in  mammalian  taste  transduction  for  NaCl. 
Hyperosmotic  concentrations  of  NaCl  placed  on  the  mucosal  surface  of  an  ^  vitro 
preparation  of  dog  or  rat  tongue  cause  an  inward  current  which  can  be  reduced  by 
amiloride,  a  blocker  of  sodium  ion  transport.  The  KCl  response  is  much  less 
affected  by  the  drug.  Amiloride  is  also  a  specific  blocker  of  tl^^  rat  chorda 
tympani  response  to  NaCl,  but  not  to  KCl.  Flux  measurements  using  Na  indicate 
that  for  the  canine  lingual  epithelium,  with  Krebs-Henseleit  buffer  on  both 
sides,  active  sodium  absorption  accounts  for  45%  of  the  short-circuit  current. 
The  transcellular  sodium  flux  has  2  components,  amiloride-sensitive  &  amiloride- 
insensitive.  An  early  event  in  salt  taste  transduction  is  thus  characterized. 

STRUCTURAL  IDENTIFIABILITY :  WHAT  NETWORK  THERMODYNAMICS  CAN  CONTRIBUTE  TO  THE 
TEST  FOR  MODEL  UNIQUENESS.  Donald  C.  Mikulecky  and  Mark  L.  Fidelman,  Department 
of  Physiology  and  Biophysics,  MCV/VCU,  Richmond,  VA,  23298.  A  three 
compartment,  linear,  compartmental  model  is  investigated  by  network 
thermodynamic  computer  simulation.  The  first  configuration  examined  is  a  linear 
array  of  compartments  with  input  on  one  end  and  sampling  from  the  other.  It  is 
shown  that  the  sampled  compartment  exhibits  identical  time  courses  with  identi¬ 
cal  inputs  while  the  other  two  compartments  show  significantly  different  time 
courses  for  three  different  sets  of  rate  constants  for  transfer  between  the 
compartments.  This  lack  of  structural  identif lability  could  lead  to  very 
misleading  inferences  about  the  unsampled  compartment  if  experimental  design  is 
not  corrected  in  light  of  this  information.  A  second  three  compartment,  linear 
model  is  presented  in  which  each  compartment  exchanges  with  each  of  the  others 
giving  the  system  a  triangular  topology.  In  this  case,  the  usual  tests  for 
structural  identif lability  (R.  Bellman  and  K.J.  Astrom,  On  Structural  Identifi- 
ability.  Math.  Biosci .  7;  329-339  (1970) .)  deem  the  system  non-identifiable. 
However,  if  the  thermodynamic  constraint  of  detailed  balance  is  taken  into 
account,  the  system  becomes  identifiable  once  more. 
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ROLE  OF  DIABETES  MELLITUS  HEREDITY  IN  HUMORAL  IMMUNE  RESPONSE  TO  COXSACKIEVIRUS 
B4.  Louise  Montgomery*  and  Roger  Lori  a*,  Dept,  of  Microbiology  and  Immunology, 
MCV,  Richmond,  VA  23298.  Genetically  identical  mice  either  with  only  a 
predisposition  to  diabetes  or  manifesting  overt  disease  exhibit  a  difference  in 
immune  response  to  coxsackievirus  B4  (CB4).  We  have  shown  that  mice  with  this 
genetic  predisposition  are  more  susceptible  to  CB4  infection  than  their  normal 
littermates.  An  inability  to  respond  to  CB4  infection  with  neutralizing 
antibodies  in  these  mice  may  be  reflected  in  a  lack  of  spleen  cell  destruction 
after  infection  and  a  delay  in  seroconversion  from  IgM  to  IgG.  Overtly  diabet¬ 
ic  animals  increase  the  number  of  antibody  forming  cells  to  sheep  erythrocytes 
after  CB4  infection  whereas  the  genetically  predisposed  mice  do  not  show  a 
change.  A  diminished  virus  specific  antibody  response  as  determined  by  ELISA 
is  also  seen  in  the  genetically  predisposed  group.  This  model  allows  differ¬ 
entiation  between  animals  with  genetic  predisposition  to  diabetes  mellitus  and 
those  with  clinical  symptoms  of  disease  and  may  open  the  door  to  similar  test¬ 
ing  in  humans. 

IMPACT  OF  DIETARY  ASCORBATE  ON  RAT  LENS  METABOLISM.  M.  Munns,  K.  Sanders,  J.  L. 
’Hess,  and  G.  E.  Bunce,  Dept,  of  Biochemistry  and  Nutrition,  VPI  &  SU,  Blacksburg, 
VA  24061.  The  impact  of  megadose  quantities  of  ascorbate  in  50%  galactose  diets 
on  the  incidence  of  cataract  and  lens  concentrations  of  calcium,  magnesium, 
glutathione,  and  ascorbate  was  evaluated.  Calcium  content  of  the  lens  from 
animals  increased  significantly  by  day  10  of  the  experiment.  By  day  21  lens 
calcium  increased  80%  over  sucrose-fed  controls  and  positively  correlated  with 
occurrence  of  massive  cataract.  Diet  did  not  affect  lens  magnesium.  The  glu¬ 
tathione  content  of  lenses  from  galactose-fed  animals  was  approximately  50%  of 
controls  by  day  2  of  the  experiment  and  continued  to  decrease  to  20%  of  controls 
by  day  10.  Diets  containing  1500  mg  ascorbate/kg  diet  did  not  affect  these 
changes  in  either  calcium  or  glutathione  concentrations.  Ascorbate  appeared 
only  to  delay  the  onset  of  cataract;  incidence  of  cataract  was  neither  prevented 
nor  elevated  by  this  high  intake  of  ascorbate.  Blood  glutathione  (0.4  ymol/ml) 
and  ascorbate  (10.2  ymol/ml)  were  unaffected  by  dietary  treatment.  (Supported 
by  NIH  EY01060) 

ACTIVATION  AND  LOCALIZATION  OF  CERTAIN  PROTEASES  IN  THE  ACROSOME  OF  THE  SPERM. 
Noel  0.  Owers,  Dept,  of  Anatomy,  Va.  Commonwealth  Univ.,  Richmond,  VA  23298. 

Sperm  proteases  remain  unchanged  in  the  female  genital  tract  up  to  the  time 
of  fertilization  (Owers,  VAS  188:34,  1983).  Attempts  to  visualize  these 
enzymes  in  the  acrosome  using  colourless  substrates  when  cleaved  by  the  enzymes 
are  simultaneously  coupled  with  diazonium  compounds  to  produce  a  colored  dye 
product  were  unsuccessful  on  fixed  or  fresh  sperm.  It  seems  that  either  the 
enzymes  are  latent  and  require  activation  and/or  the  sperm  membranes  surrounding 
the  acrosome  need  to  undergo  changes  (capacitation? ) ,  to  allow  influx  of  the 
substrates  or  efflux  of  the  enzymes,  before  enzyme  activity  could  be  detected. 
These  possibilities  were  investigated.  Sperm  from  the  vas  deferens  and 
epididymus  of  the  guinea  pig  were  incubated  on  a  gelatin  membrane,  as 
previously  reported,  with  veronal  acetate  buffers  pH  3,  4,  5,  6,  7,  and  8.  To 
separate  aliquots  of  each  buffer,  NaCl  was  added  at  3  mg/ml  and  20  mg/ml,  or 
none  added.  To  the  authors  surprise,  the  alkaline  or  trypsin  like  enzymes 
were  fully  activated  proportional  to  salt  concentration  In  less  than  four 
hours,  whereas  the  acidic  proteases  were  only  partially  activated,  or  not  at 
all. 
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DETECTION  AND  ISOLATION  OF  SIALYLOLIGOSACCHARIDES  FROM  HUMAN  MECONIUM  GANGLIO- 
SIDES.  Pedro  A.  Prieto  and  David  F.  Smith,  Dept,  of  Biochemistry  and 
Nutrition,  Va.  Tech,  Blacksburg,  Va  24061.  The  carbohydrate  component  of  a  pre¬ 
viously  unidentified  ga.nglioside  from  human  meconium  is  isolated  using  rabbit 
antiserum  against  the  human  milk  sialyl tetrasaccharide  b  (Gal  31-3  [NeuNAca2-6] 
GlcNAc3l -3Gal 3l -4Glc) .  A  monosialyl  ganglioside  fraction  is  obtained  from 
pooled  meconium  samples  by  choloroform-methanol -water  extraction,  and  free 
oligosaccharides  are  released  by  ozonolysis  and  base  treatment  of  this  fraction. 
The  free  oligosaccharides  are  then  reductively  labeled  using  NaB[^H]4  and 
separated  on  paper  chromatography.  The  resulting  fractions  are  assayed  for 
Sialyl tetrasaccharide  b  (LSTb)  and  related  structures  using  anti-LSTb  serum  in 
a  direct  binding  radioimmunoassay.  An  oligosaccharide  that  moves  identical  to 
LSTb  during  paper  chromatography  is  isolated.  Based  on  its  specific  binding 
to  anti-LSTb,  cochromatography  of  the  radiolabeled  oligosaccharide  and  its 
enzymatic  degradation  products  with  standards,  the  proposed  structure  of  the 
carbohydrate  component  of  the  ganglioside  is  the  same  as, the  milk  oligo¬ 
saccharide  LSTb  (Gal3l-3[NeuNAca2-6]GlcNAc3l-3GalBl-4GLc).  Supported  by  USPHS 

Grant  AM  30331 . 


Strategies  for  Genetic  Manipulation  of  Immune  Responsiveness  in  Mice.  J.  K. 
Pullen  and  L.  B.  Schook,  Dept,  of  Microbiology  &  Immunology,  MCV-VCU,  Richmond, 

VA.  23298 

M0  processing  and  presentation  of  antigen  in  context  with  class  II  (la)  MHC 
gene  products  is  required  for  the  activation  of  T-cells.  These  products  play  a 
major  role  in  genetic  control  of  the  immune  response.  We  have  shown  that  M0 
differentiating  from  bone  marrow  maximally  express  la  products  between  days  5-8. 
The  number  of  M0  in  S~phase  of  the  cell  cycle  follow  the  same  kinetics.  In  this 
presentation  we  show  the  kinetics  of  class  II  mRNA  synthesis,  and  the  stage 
during  differentiation  la  modulators  (y-IFN  and  PGE^)  are  effective.  Also,  the 
level  of  action  of  these  modulators  will  be  shown.  ‘^Changes  in  transcription  will 
be  measured  by  monitoring  class  II  mRNA  levels,  while  changes  in  translation  will 
be  monitored  by  using  monoclonal  antibodies  directed  to  I-A  or  I-E  surface  anti¬ 
gens.  These  results  will  permit  transfection  of  class  II  genes  from  responder 
mice  into  nonresponder  mice,  permitting  activation  of  antigen  specific  T-cells. 

COMPARISION  OF  ANTIPLATELET  EFFECTS  OF  VARIOUS  BETA-LACTAM  PENICILLINS. 

GD  Quieshi*,  CA  Fletcher*,  Dept,  of  Med.,  Med  Col.  of  Va. ,  Richmond,  Va. 23298. 

Our  previous  studies  have  demonstrated  that  jS -lactam  penicillins  produce  a 
dose-dependent  inhibition  of  platelet  aggregation  which  is  reversible  upon 
washing  the  platelets.  The  aims  of  the  current  in  vitro  platelet  aggregation 
studies  were  to  determine  the  relative  antiplatelet  effects  of  various 
penicillins.  A  comparision  at  equimolar  concentrations  on  epinephrine-induced 
aggregation  showed  20mM  Nafcillin  inhibited  86.4%  of  platelet  aggregation; 
Mezlocillin  83.2%;  Piperacillin  80.3%;  Azlocillin  76.4%;  Ticarcillin  73.2%; 
Carbenicillin  66.4%;  and  Penicillin-G  58.4%.  We  conclude  that  all  f-lactam 
penicillins  tested  inhibit  platelet  aggregation,  but  to  varying  degrees.  The 
inhibitory  effect  is  dose-dependent  and  is  additive  in  the  presence  of  two  or 
more  penicillins.  The  reversible  antiplatelet  effect  appears  to  be  due  to 
the  drug  effect  on  the  platelet  membrane. 

THE  INFLUENCE  OF  ASCORBIC  ACID  ON  PITUITARY  WEIGHT  DURING  STRESS.  John  H. 
Richardson  and  Cynthia  Dorr*,  Dept,  of  Biol.,  Old  Dominion  University,  Nor¬ 
folk,  Va.  23508,  Forty  Sprague-Dawley  rats  were  subjected  to  stress  by 
crowding  and  water  immersion  for  five  days.  There  were  three  groups  of  ani¬ 
mals;  controls,  stressed  animals  dosed  with  ascorbic  acid,  and  stressed  ani¬ 
mals  without  ascorbic  acid.  Ascorbic  acid  prevented  both  adrenal  and 
pituitary  hypertrophy  in  stressed  animals.  Apparently,  ascorbic  acid  acts 
as  a  potentiating  factor  for  ACTH  when  there  is  an  increased  demand  for  ACTH 
during  stress. 
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OSTEOCLAST  NUCLEAR  NUMBER  AS  A  DETERMINANT  IN  PRECURSOR  CELL  INCORPORATION. 

W.L  Ries*,  J.C.  Gunsolley*,  Department  of  Periodontics,  Sch.  of  Dentistry,  Va. 
Commonwealth  Univ.-Med.  Col.  of  Va.,  Richmond,  VA  23298.  The  growth  of  multi- 
nucleate  osteoclasts  most  likely  occurs  by  fusion  of  precursor  cells  during  bone 
resorption.  Nuclear  number  may  modify  the  affinity  of  such  cells  for  certain 
osteoclasts.  A  precursor  cell  population  in  young  adult  rats  was  labeled  by  a 
single  IP  injection  of  tritiated  thymidine  during  S-phase  of  mitosis.  Osteo¬ 
clasts  were  harvested  from  exposed  proximal  periosteal  surfaces  of  tibiae  at 
different  time  intervals  (4-150  hours)  from  injection  by  a  brush  technique. 
Autoradiograms  of  brush-smears  showed  only  large  osteoclasts  (13-26  nuclei)  with 
labeled  nuclei  at  4  hours.  The  percentage  of  labeled  osteoclasts  and  labeled 
osteoclast  nuclei  continued  to  increase  throughout  the  study  period.  From  36 
hours  post  injection,  the  mean  nuclear  number  of  labeled  osteoclasts  was 
significantly  different  from  those  that  were  unlabeled.  The  proportions  of 
labeled  to  total  osteoclast  nuclei  for  different  cell  size  categories  (3-30 
nuclei)  were  not  significantly  different  at  each  of  the  time  intervals  looked  at 
Large  osteoclasts  were  labeled  more  frequently  than  small  types.  The  results 
suggest  that  precursor  cells  have  a  greater  affinity  for  large  osteoclasts. 
(Supported  by  A.D.  Williams  Fund,  Va.  Commonwealth  Univ.). 

EVALUATION  OF  SERUM  IGE  LEVELS  m  TWINS  AND  THEIR  PARENTS :  G.E.  Rodriguez,  M.D. , 
Richmond,  Va.  23298.  Serum  IgE  levels  were  measured  in  394  twins  and  their 
parents.  There  were  116  monozygotic  (MZ)  twin  pairs  and  81  dizygotic  (DZ)  twin 
pairs.  85  twin  pairs  were  younger  than  15  years  of  age  and  112  pairs  were  older. 
Mean  IgE  for  MZ  twins  was  171.7  u/ml  with  a  skewness  of  7.7  and  a  Kurtosis  of 
81,0.  DZ  twins  had  a  mean  of  159.7  u/ml.  The  sample  curve  was  normalized  by 
conversion  to  Log. ^  IgE.  Correlation  coefficients  for  Log. ^  IgE  are  given  in 
the  table; 


All 

Twins 

MZ 

Twins 

DZ 

Twins 

T1 

T2 

T1 

T2 

T1 

T2 

T1 

1.0000 

0.6523* 

1.0000 

0.7937* 

1.0000 

0.4225* 

Fa 

0.1449 

0.2165* 

0.1727 

0.2657* 

0.1025 

0.1179* 

Mo 

0,3784 

0.2734* 

0.3012 

0.1762* 

0.5054 

0.4520* 

*  =  SIGNIFICANT 

These  results  demonstrate  a  very  strong  genetic  influence  on  serum  IgE  levels 
and  also  suggest  a  maternal  influence  on  IgE.  The  r  value  for  twins  <  15  y/o 
was  0.2563,  P=0.0179  while  for  older  twins  it  was  0.4771,  P=0.0001  suggesting 
that  environmental  factors  are  more  important  early  in  life  and  genetic  factors 
predominant  in  adulthood. 

BIODISPOSITION  OF  ^H-DI ISOPROPYLFLUOROPHOSPHATE  IN  MICE  VIA  INHALATION.  Joseph 

A.  Scimeca*  and  Billy  R.  Martin.  Dept,  of  Pharmacology,  MCV-VCU,  Richmond,  Va. 
23298.  Most  dispositional  work  involving  diisopropylfluorophosphate  (DFP)  has 
not  been  performed  by  inhalation.  Since  many  human  exposures  to  organo- 
phosphates  occur  through  inhalation,  the  study  of  the  inhalation  route  of 
exposure  and  subsequent  biodisposition  has  particular  importance.  Six  mice 
were  exposed  to  '^H-DFP  vapors  (5,2  Ci/mmole)  for  5  min  and  then  sacrificed. 

Blood  was  collected  and  organs  were  removed  and  homogenized.  Ethyl  acetate 
extractions  were  performed  to  determine  free  '^H-DFP  levels  and  tissue  bound 
levels.  Total  '^H-DFP  tissue  levels  (expressed  as  pg  DFP  equivalents/gm  tissue) 
were  determined  as  follows:  brain  158±26,  liver  244±40,  diaphragm  163±20,  lung 
3862±535,  plasma  1065±222,  and  whole  body  129±13.  This  pattern  is  in  contrast  to 
that  following  i.v.  administration  of  ^H-DFP  which  showed  liver  >  plasma  >  lung 
(Fed.  Proc.  4^:  567,  1984).  Thus,  route  of  administration  of  DFP  is  an  important 
determinant  of  its  biodisposition.  (USAMRDC  Contract  #DAMD  17-82-C-2212) 
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ALTERATIONS  OF  MORPHINE-DEPENDENCE  IN  DIABETIC  RODENTS.  J.E.  Shook*  and  W.L. 
Dewey,  Dept,  of  Pharmacology,  MCV-VCU,  Richmond,  Va.  23298.  The  analgesic 
potency  of  morphine  (MS04)  is  reduced  in  diabetes  due  to  hyperglycemia. 

The  purpose  of  these  investigations  was  to  determine  if  the  addiction- 
liability  of  MS04  is  also  altered  in  hyperglycemic  states.  Two  models  of 
diabetes  were  used:  Streptozotocin  (STZ)-treated  rats  &  genetical ly-diabetic 
(db/db)  mice.  STZ-rats  made  dependent  by  chronic  IP  infusions  of  MS04  for  6 
days  &  observed  for  withdrawal  (W/D)  signs  at  24,  48,  72,  &  96  H  post-MS04 
showed  significantly  less  (p  <  0.05)  signs  (W/D  scores  3.8±0.5,  5.8±1.0  at 
24  &  48  H)  than  non-diabetic  controls  (W/D  scores  7.4±1.7,  13.1±2.6  at  24  & 

48  H),  &  lost  less  weight  than  controls  during  W/D.  db/db  mice  made  dependent 
by  9  days  of  MS04-admixed  food  lost  less  weight  ^  showed  fewer  signs  of  W/D 
than  controls  upon  challenge  with  naloxone  despite  a  significantly  greater 
brain  level  of  MS04.  These  data  indicate  that  MS04's  physical -dependence 
capacity  is  decreased  with  hyperglycemia.  (Supported  by  DA-00490  and  DA-07027) 

A  NETWORK  THERMODYNAMIC  MODEL  OF  LYMPHOCYTE  CELL, VOLUME  REGULATION.  Guy 
K.  Smith,  Dept,  of  Physiol.  &  Biophys.,  Med.  Col.  of  Va.,  V.C.U.,  Richmond,  Va. 
23298.  A  network  thermodynamic  model  provides  a  means  of  studying  the  physical 
consequences  of  a  biological  system's  structural  organization.  Cell  volume 
regulation  provides  an  excellent  illustration  of  this  and  other  advantages  of 
using  network  thermodynamic  models  to  study  biological  systems. 

Cell  volume  regulation  refers  to  the  phenomenon  of  swelling  and  shrinking 
observed  in  cells  exposed  to  anisotonic  solutions.  Lymphocytes,  given  a  hyper¬ 
tonic  shock  swell  to  1.5-2  x  normal  volume  within  2  min.  This  is  followed  by  a 
15-20  min.  shrinking  phase  back  to  the  cell's  normal  volume.  This  is  a  complex 
process  involving  the  coupled  flows  of  H2O,  Na'^,  and  K'*’.  Constructing  a  model 
of  this  process  using  the  network  thermodynamic  approach  and  subsequent  computer 
simulations  of  that  model  provides  the  investigator  with  a  quantitative  evalua¬ 
tion  of  possible  models  of  such  complex  processes.  (Dr.  Smith  is  a  USPHS 
postdoctoral  fellow  in  Nephrology). 

CHARACTERIZATION  OF  ADENINE  NUCLEOTIDE  POOLS  IN  EXPERIMENTAL  CATARACT  IN 
RAT  LENS.  Tarnawaska,  J.  L.  Hess,  and  G.  E.  Bunce.  Dept,  of  Biochemistry 
and  Nutrition,  VPI  &  SU,  Blacksburg,  VA  24061.  Sodium  selenite  induces  a 
cataract  in  rat  pups  72  h  following  a  single  subcutaneous  injection  of  30  ymol/ 
kg  bd  wt  at  age  day  10.  Using  both  enzymatic  and  HPLC  procedures  the  ATP  con¬ 
tent  of  control  and  cataractous  lenses  from  these  animals  was  quantified.  At 
12  h  post  injection,  prior  to  cataract  formation,  ATP  was  decreased  60%  over 
controls.  Coupled  with  a  concurrent  increase  in  AMP,  total  energy  charge  was 
reduced  5%.  NADP+  and  NAD+  increased  20%  over  controls  24  h  post-injection. 

in  vitro  experiments  ATP  concentrations  decreased  45%  in  lenses  from  10-day 
old  rats  following  4  h  incubation  in  modified  Hanks  medium  in  the  presence  of 
0.5  mM  and  1  mM  selenite.  The  decrease  in  ATP  was  23%  and  20%  in  lenses  from 
16  and  22-day  old  animals,  respectively.  Unique  formation  of  cataract  in  10-14 
day  old  rats  correlates  with  the  sensitivity  of  energy  metabolism  at  this  age. 
(Supported  by  EY01060) 
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EUMAN  BLOOD  GROUP  A  SPECIFIC  LECTINS  BIND  GLYCOLIPIDS  FROM  SHEEP  ERYTHROCYTE 
STROMA.  Beatriz  V. Torres*,  David  F. Smith,  Dept,  of  Biochemistry  and  Nutrition, 

Va.  Tech.,  Blacksburg,  VA  24061.  The  human  blood  group  A  specific  lectins  from 
Helix  pomatia,  Dolichos  biflorus  and  Wisteria  floribunda  have  higher  affinity 
for  a  Forssman  pentasaccharide  hapten  than  for  a  human  blood  group  A  pentasac¬ 
charide  (  Baker  et  al..  Biochemistry  22:2741,  1983).  The  binding  specificity  of 
the  three  125  iodine-labeled  lectins  to  pure  Forssman  glycolipid  on  thin  layer 
chromatograms  and  detected  by  autoradiography  is  different:  Dolichos  biflorus 
lectin  detects  as  little  as  50ng  of  Forssman  glycolipid;  Wisteria  floribunda 
lectin,  lOng;  and  Helix  pomatia  lectin  less  than  0.5ng.  These  differences  are  a 
function  of  the  valency  of  the  lectin.  When  total  lipid  extracts  of  sheep 
erythrocyte  stroma  are  subjected  to  thin  layer  chromatography  and  assayed  for 
lectin-binding  glycolipids,  all  three  125  iodine- labeled  lectins  detect  a 
glycolipid  that  co-migrates  with  the  Forssman  glycolipid  and  other  glycolipid 
components  that  may  be  fatty  acid  variants  of  the  Forssman  glycolipid  or  may 
have  a  different  oligosaccharide  structure  that  are  being  investigated. 

KINETICS  OF  TRIACYLGLYCEROL  MOVEMENT  THROUGH  MAMMARY  EPITHELIAL  CELLS  AND 
CELLULAR  LOCALIZATION  OF  ACYLTRANSFERASES  OF  MILK  LIPID  SYNTHESIS.  H.  Mohammed 
Valivullah*,  Jude  T.  Deeney*,  Christie  H.  Dapper*  and  Daniel  P.  Dylewski*,  Dept, 
of  Biochemistry,  VPI  &  SU,  Blacksburg,  VA  24061.  In  lactating  mammary  epithel- 
ial  cells,  immediate  precursors  of  milk  lipid  globules  are  cytoplasmic  lipid 
droplets  (CLD) .  The  CLD,  morphologically  and  enz3miatically  resemble  newly 
observed  micro  lipid  droplets  (MLD) .  The  specific  activities  of  sn-acyl 
glycerol  transferases  and  the  rate  of  incorporation  of  [^*^0]  acetate  and  [^^c] 
palmitate  were  studied  ^  vivo  and  isolated  subcellular  fractions  (rough  endo¬ 
plasmic  reticulum  (RER) ,  MLD  and  CLD) .  A  probable  site  of  origin  and  the  trans¬ 
location  pathway  of  triacylglycerol  were  reported.  Immunochemical  studies 
showed  a  homology  of  proteins  between  these  subcellular  structures,  providing 
additional  evidence  for  the  movement  of  triacylglycerol  from  RER  to  milk  lipid 
globule  via  MLD  and  CLD. 


IN  VIVO  DISTRIBUTION  OF  BENZO (A) PYRENE  IN  MALE  RATS.  Eric  H.  Weyand  and  D.  R. 
Bevan,  Dept,  of  Biochemistry,  VPI  &  SU,  Blacksburg,  Va.  24061.  Distribution  of 

O  O 

(H)-Benzo (a) pyrene  ('^H)-BP  was  determined  at  various  times  after  being  adminis¬ 
tered  through  a  tracheal  cannula  into  the  lungs  of  rats.  Radiolabel  was 
cleared  rapidly  from  the  lungs  with  less  than  10%  of  the  administered  dose  being 
present  after  130  min.  Studies  of  distribution  in  other  organs  up  to  360  min 
after  administration  revealed  that  radioactivity  in  the  liver  increased  rapidly 
and  then  decreased,  while  that  in  the  intestine  increased  linearly  until  a 
plateau  was  reached  after  about  120  min.  Radioactivity  in  intestinal  contents 
increased  linearly,  with  30%  of  injected  dose  being  excreted  in  feces  360  min 
after  exposure.  (^H)-BP  metabolism  was  studied  by  comparing  relative  amounts 
of  organic  extractable  and  nonextractable  radiolabel  in  lung,  liver,  and  in¬ 
testinal  contents,  and  by  identifying  organic  extractable  metabolites  by  HPLC. 
Notably,  quinones  were  at  highest  concentration  in  both  lung  (54.2%  of  total 
metabolites)  and  liver  (68.1%)  5  min  after  (3h)“BP  administration. 
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ISOLATION  OF  A  STABLE  DIPLOID  FROM  CRYPTOCOCCUS  NEQFORMANS . 
Catherine  W.  White,  Dept,  of  Biochem..  ,  Med.  Col.  of  Va .  ,  Richmond , 
Va.  23298,  &  Eric  S.  Jacobson,  Dept,  of  Medicine,  Med.  Col.  of  Va. 
Richmond,  Va.  23298,  Cryptococcus  neoformans  causes  life  threat¬ 
ening  meningitis  in  immuno suppr e s s ed  persons .  Although  it  is  us¬ 
ually  a  haploid  yeast,  it  has  a  transient  diploid  phase  as  part  of 
its  sexual  cycle.  We  have  constructed  a  stable  diploid  from  dif¬ 
ferent  auxotrophs  of  opposite  mating  types.  The  following  crite¬ 
ria  were  used  to  validate  diploidy:  (1)  pseudowild  type,  (2)  self- 
fertility,  (3)  segregation  of  auxotrophic  markers  in  offspring, 

(4)  one  nucleus  per  cell  and  (5)  DNA  per  cell  in  diploid  vs  hap¬ 
loid,  approximately  2:1.  A  diploid  should  enable  more  accurate 
genetic  analysis  by  using  complementarity  experiments.  (Supported 
by  Research  Service,  McGuire  Veterans  Administration  Med.  Center, 
Richmond,  Va.  23234.) 

DRUG  INDUCED  EXPLOSIVE  MOTOR  BEHAVIOR.-  R.  L.  Williams ,  Dep't.  of 
Chemical  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508. 
Intraventricular  infusion  of  a  number  of  different  compounds  including 
morphine,  lithium  chloride,  ACTH  as  well  as  EDTA  and  EGTA  into 
experimental  animals  results  in  explosive  motor  behavior  (EMB).  We  have 
recently  observed  that  the  novel  ligand(l)  is  capable  of  producing  the  same 
phenomena  (EMB)  in  mice  when  given  intraperitoneally .  The  possible  role 
of  this  compound  as  a  potential  chelating  agent  and  the  mechanism  under¬ 
lying  EMB  will  be  discussed. 


SYNTHESIS  AND  EVALUATION  OF  POTENTIAL  ANALGESICS  FROM  4-KETO 
PHENCYCLIDINE  (DCP);  R.  L.  Williams  and  V.G.  Beaver,  Dep't.  of 
Chemical  Sciences,  Old  Dominion  Univ.  , Norfolk,  VA  23508.  Several  novel 
analgesics  related  to  PCP  have  recently  been  described  in  the  literature  (1). 
We  have  attempted  to  evaluate  the  potential  for  analgesic  activity  associated 
with  structural  modifications  at  C-4  in  the  PCP  structure.  The  synthesis  of 
4-keto  PCP  (2)  and  the  corresponding  4-phenyl-4-cyclohexanol  derivative  (3) 
of  PCP  will  be  discussed  together  with  our  initial  evaluation  of  their 
biological  activities. 

*Ph 


h 


148 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


An  Animal  Model  of  Herpes  Zoster  Keratouve i  tHs .  Gerald  W.  Zaidman,  MD,  R.  Loria, 
L.B.  Montgomery,  Med.  Col.  of  VA;  C.V,  Sundar-Raj,  U  of  Pitts,  We  have  conducted 
an  initial  series  of  experiments  in  order  to  develop  an  animal  model  of  Herpes 
zoster  keratouvei t i s .  We  have  infected  guinea  pig  embryo  cells  (GPEC)  and  human 
corneal  fibroblasts  (HCF)  with  Herpes  zoster  virus  (HZV) .  The  v i ra 1 ~ i nfected  GPEC 
were  injected  into  the  eyes  of  3  immunosuppressed  guinea  pigs  (GP)  and  the  viral- 
infected  HCF  were  injected  into  the  eyes  of  3  immunosuppressed  New  Zealand  white 
rabbits  (NZWR) .  One  additional  animal  of  each  species  received  injections  of  un¬ 
infected  cells  (control  s)  .  The  right  eye  of  each  animal  received  intracorneal  in¬ 
jections,  while  the  left  eye  received  injections  into  the  aqueous.  Both  control 
animals  (4  eyes)  developed  a  very  mild  keratouve i t 1 s  which  cleared  by  3"4  days 
after  injection.  In  most  of  the  inoculated  eyes  (4/6  GP  &  4/6  NZWR)  the  ocular 
inflammation  peaked  at  4-5  days  after  inoculation  and  then  persisted  for  10-12 
days  before  it  disappeared.  3  of  these  eyes  (2  GP,  1  rabbit)  were  left  with 
permanent  corneal  scarring.  The  remaining  4  infected  eyes  developed  a  milder  oc¬ 
ular  inflammation  that  persisted  7~8  days.  While  this  work  is  not  conclusive,  we 
feel  that  the  difference  between  the  control  animals  and  the  inoculated  animals 
illustrates  the  importance  of  this  approach  and  indicates  that  it  is  possible  to 
develop  an  animal  model  of  Herpes  zoster  Keratouvei ti s . 


Microbiology  Section 

CHARACTERIZATION  AND  EXPRESSION  OF  A  CLONED  TETRACYCLINE  RESISTANCE  DETERMINANT 
FROM  STREPTOCOCCUS  MUTANS.  M.  L.  Cline*,  J.  A.  Tobian*  and  F.  L.  Macrina, 

Dept,  of  Microbiology/ ImmunoTogy ,  Vi rg i n i a  Commonwealth  University,  Richmond, 

VA  23298 

A  chromosomal  tetracycline  resistance  determinant  (Tc^)  previously  cloned 
from  Streptococcus  tputans  into  Streptococcus  sanguis  was  characterized  using 
restriction  endonuclease  mapping,  deletion  analysis  and  Southern  blot  hybridi¬ 
zation.  The  Tc^  determinant  was  localized  to  a  2.8  kb  region.  Insertion  of 
DNA  into  a  unique  SstI  site  within  this  region  resulted  in  inactivation  of  Tc^ 
expression.  The  isolated  streptococcal  fragment  was  subcloned  into  Escherichia 
col i  where  it  conferred  resistance  to  tetracycline.  Two  proteins  with  molecu- 
lar  weights  of  33,000  and  35,000,  encoded  by  the  S^.  mutans  DNA,  were  synthe¬ 
sized  in  _E.  col i  mini  cel  Is.  Insertion  of  DNA  into  the  SstI  site  of  the  cloned 
A-  niutans  fragment  resulted  in  loss  of  production  of  botlU proteins  in  £.  coli 
mini  cel  Is.  Our  data  suggest  that  at  least  one  of  these  proteins  is  involved  in 
the  expression  of  Tc^. 

COMPETITIVE  GROWTH  OF  NAEGLERIA  AMEBAE.  D.  D.  Dunham,*  and  R.  R.  Weik. 

Dept,  of  Life  Sciences,  Va.  State  Univ.,  Petersburg,  Va.  23803. 

Naeqleria  gruberi ,  a  common  free-living  ameba,  is  routinely  cultured 
in  a  complex  medium  developed  by  Balamuth.  Naegleria  fowl eri ,  a  patho¬ 
genic  free-living  ameba  is  routinely  cultured  in  a  complex  medium  developed 
by  Nelson.  Recently  a  medium  was  developed  by  Cabral  in  which  both  species 
will  grow.  While  previous  studies  compared  growth  of  both  species  under 
various  enviornmental  conditions,  this  common  medium  allows  co-cultivation 
of  both  species  in  the  same  culture  vessel  at  the  same  time. 

Concanavalin  A,  a  plant  lectin,  has  been  shown  to  agglutinate  N^.  gruberi 
but  not  fowl eri .  A  standard  curve  of  known  ratios  of  gruberi  to 
H.  fowl eri  was  prepared  using  lOOug  Con  A/ml  at  10°  amebae/ml.  Equal  numbers 
of  both  amebae  were  mixed  and  added  to  Cabral's  medium  at  10^  amebae/ml. 

Using  the  standard  curve  the  numerical  advantage  of  each  species  present 
during  co-cultivation  was  monitored.  Preliminary  results  show  the  ad¬ 
vantage  of  H.  fowl eri  at  37C  and  gruberi  at  30C  over  96  hrs.  Other 
environmental  conditions  to  be  tested  include  pH,  chlorine  content,  os- 
molarity  and  nutrient  content.  The  study  of  competitive  growth  in  the 
laboratory  may  shed  light  on  the  ecological  balance  of  these  closely  related 
amebae. 
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MAPPING  THE  CONJUGATIVE  TRANSFER  GENES  OF  THE  BROAD  HOST  RANGE  STREPTOCOCCAL 
PLASMID  pIPSOl.  D.L.  Hartley*  and  F.L.  Macrina,  Dept,  of  Microbiology/ 
Immunology,  V i r gTn i a  Commo n we  a 1 1  h  University,  Richmond,  VA.  23298 

The  streptococcal  resistance  plasmid  pIP501  can  transfer  to  a  broad  range 
of  other  gram  positive  organisms  by  conjugation.  Transpositional  mutagenesis 
was  used  to  map  the  conjugative  transfer  gene(s)  of  pVA797,  a  30.7  kb 
derivative  of  pIPSOl.  Two  strains  of  Streptococcus  faecal  is ,  one  containing 
pVA797  and  the  other  containing  the  nonconjugative  plasmid  pAD2: :Tn917,  were 
mated  on  nitrocellulose  filters.  Tn917  transpositional  mutants  of  p?A797  that 
were  still  conjugation  proficient  were  selected  by  plating  on  appropriate 
antibiotic-containing  medium.  Using  a  combination  of  restriction  endonucleases, 
the  sites  of  Tn917  insertion  into  pVA797  have  been  mapped  to  one  quadrant  of 
the  plasmid,  between  kb  coordinates  9  and  16.  This  sector  of  the  plasmid  was 
previously  uncharacterized.  These  transpositional  mutagenesis  experiments 
taken  together  with  previous  molecular  cloning  work  suggest  that  the  genes  for 
conjugation  proficiency  reside  somewhere  between  kb  coordinates  3  and  9  and/or 
16  and  23  on  the  map  of  pVA797. 

DISSEMINATION  OF  A  TETRACYCLINE  RESISTANCE  DETERMINANT  IN  ORAL  STREPTOCOCCI. 

K.  R.  Jones*,  D.  L.  Hartley*,  and  F.  L.  Macrina,  Dept,  of  Microbiology/ 
Immunology,  Virginia  Commonwealth  University,  Richmond,  VA  23298 

A  DNA  sequence  specifying  tetracycline  resistance  (Tc^)  previously  has 
been  cloned  from  a  clinical  isolate  of  Streptococcus  mutans  designated  U202. 

We  have  used  this  sequence  as  a  molecular  probe  in  studying  the  dissemination 
of  Tc^  among  species  of  oral  streptococci  isolated  from  patients  treated  with 
tetracycline.  Eleven  strains  (representing  4  species)  from  7  patients  were 
examined  using  Southern  blot  analysis.  Nine  strains  displayed  hybridization  to 
the  Tc^  probe  and  two  did  not  display  detectable  hybridization.  One  of  the 
clinical  S.  sanguis  I  isolates  studied  was  able  to  transfer  conjugational ly  its 
Tc^  to  otEer^ral  and  to  enteric  streptococci  in  the  absence  of  plasmid  DNA. 

Our  data  suggest  that  this  resistance  transfer  element  occupies  a  chromosomal 
location  in  the  streptococcal  cell  and  that  it  strongly  resembles  the 
conjugative  transposon  Tn916  in  its  behavior. 

CHARACTERIZATION  OF  A  TRANSFERABLE  CLINDAMYCIN  -  TETRACYCLINE  RESISTANCE 
ELEMENT  IN  BACTEROIDES.  M.  Little*  and  F.  L.  Macrina,  Dept,  of  Microbiology 
and  Immunology,  Virginia  Tommonwealth  University,  Richmond,  VA  23298 

Clindamycin  resistance  and  tetracycline  resistance,  transferred  en  bloc 
Bacteroides  fragil is  V503  to  B^.  uniformis  V528  and  other  recipient 
strains,  comprise  a  resistance  transfer  element  that  is  not  associated  with 
detectable  plasmid  DNA.  Electrophoretic  analysis  of  digested  whole  cell  DNA 
from  V503,  recipient,  and  progeny  strains  suggested  that  the  element  was 
integrated  into  the  recipient  chromosome  upon  transfer  and  was  associated  with 
the  appearance  of  large  restriction  fragments  in  progeny.  When  whole  cell  DNAs 
were  restricted  with  Aval ,  a  35-kb  fragment  was  visualized  in  progeny  DNAs  that 
was  absent  in  the  unmated  recipient  V528  and  was  identical  in  size  to  a 
fragment  in  V503.  Southern  blot  hybridization  showed  that  this  large  fragment 
hybridized  with  the  clindamycin  resistance  gene  of  the  Bacteroides  R  plasmid 
pBF4.  Further  characterization  by  Southern  blot  hybridizatiorr showed  that 
direct  repeat  sequences  flanking  the  clindamycin  resistance  gene  on  pBF4  and 
related  plasmids  are  absent  in  V503  and  progeny. 
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LECTIN  SPECIFICITY  IN  TWO  SPECIES  OF  THE  NITROGEN-FIXING  FERN. 

L.  MacArthur,  S.M.  McCowen,  and  J.E,  Gates.  Dept,  of  Biology,  Virginia  Common¬ 
wealth  Univ.,  Richmond,  Va.  23284.  Lectins  were  isolated  from  the  water  fern 
Azolla  pinnata  (AP)  and  Azolla  f iliculoides  (AF)  by  extraction  from  whole  fern 
grindings  and  fractionation  by  ammonium  sulfate  precipitation.  The  lectins 
were  further  purified  by  affinity  chromatography  of  the  active  crude  extract  on 
asialofetuin  coupled  CNBr-activated  Sepharose  4B.  Lectin  from  A.  pinnata 
eluted  with  phosphate  buffered  saline  pH  10.5.  Lectin  from  A.  f iliculoides 
eluted  at  pH  11.5.  Hemagglutinating  activity  of  the  AP  lectin  was  totally  in¬ 
hibited  by  D-fructose  but  not  by  any  of  the  other  sugars  tested  including  D- 
galactose,  sucrose,  glucose,  mannose  and  fucose.  Purified  fern  lectins  from 
AP  and  AF  specifically  agglutinate  freshly  isolated  cyanobiont  from  the  same 
fern.  AP  lectin  agglutinates  cyanobiont  from  AP  but  not  from  AF.  AF  lectin 
likewise  agglutinates  cyanobiont  from  AF  fern  but  not  from  AP.  Neither  lectin 
agglutinated  cultured  cyanobionts  from  either  fern  species.  These  results  in¬ 
dicate  that  specificity  exists  in  this  nitrogen-fixing  S3mibiosis  and  provide 
supportive  evidence  that  lectins  may  have  an  important  role  in  this  association. 
(This  work  supported  by  NSF  grant  PCM-8305202) 


IDENTIFICATION  AND  CLONING  OF  PROMOTERS  ASSOCIATED  WITH  THE  K88  ADHERENCE 
ANTIGEN  GENES  IN  ENTEROTOXIGENIC  E.  col i .  Christopher  J.  Newman  and  Patricia  L. 
Shipley,  Dept,  of  Microbiology  and  Immunology,  Va,  Commonwealth  Univ.,  Richmond, 
Va, 23298.  The  pathogenicity  of  certain  strains  of  enterotoxigenic  E.  coli  is 
dependent  on  the  expression  of  K88  adherence  fimbriae.  The  regions  encoding  the 
K88  fimbria  have  been  identified  and  cloned  from  the  native  K88/Raffinose 
plasmid.  There  appear  to  be  two  regions  of  K88  expression,  each  under  the 
control  of  a  separate  promoter,  designated  PI  and  P2  respectively.  Utilizing 
a  galactokinase  expression  vector,  we  have  demonstrated  the  ability  of  P2  to  act 
as  a  promoter.  The  original  hybrid  constructions  of  the  K88  genes,  however,  did 
not  include  PI.  The  fragment  containing  PI  has  been  identified  through 
restriction  endonuclease  mapping  and  Southern  blot  analysis.  PI  appears  to  be 
located  on  a  Hind  III  fragment  which  will  be  inserted  into  a  galactokinase 
expression  vector  for  further  study.  (This  work  is  being  supported  by  Public 
Health  Service  Grant  #1R22AI  19865  from  the  Nat.  Inst,  of  Allergy  and  Infec.  Dis.) 

EXPRESSION  OF  STREPTOCOCCUS  MUTANS  SUCRASE  ACTIVITY  IN  ESCHERICHIA  COLI  AND 
STREPTOCOCCUS  SANGUIS.  M.  J.  Pucci*  and  F.  L.  Macrina,  Dept,  of  Microbiology/ 
Immunology,  Virginia  CommonweaTth  University,  Richmond,  VA  23298. 

Streptococcus  mutans  chromosomal  DNA  was  partially  digested  with  Eco  RI 
and  ligated  into  Escherichia  col i  plasmid  vector  p0P203(Ap  ).  The  ligation 
mixture  was  then  transformed  into  E.  coli  and  clones  were^screened  for  their 
ability  to  use  raffinose  as  a  sole  caTboFydrate  source.  One  clone  was  isolated 
and  found  to  be  capable  of  growth  on  both  minimal  salts  -  raffinose  and  minimal 
salts  -  sucrose  media.  This  clone  contained  an  insert  consisting  of  four  Eco 
RI  fragments  totalling  approximately  11.5  kb  in  size.  Subcloning  of  this 
fragment  array  into  a  streptococcal  -  E.  coli  shuttle  vector  indicated  that  a 
2.6  kb  fragment  was  essential  for  activity.  The  shuttle  plasmid  containing 
this  fragment  was  transformed  into  Streptopccus  sanguis  which  subsequently 
displayed  increased  sucrase  activity  and  elevated  levels  of  methanol -insoluble 
and  water-insoluble  polysaccharides. 
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MEP-l  GENE  CONTROLLING  A  KIDNEY  METALLOENDOPEPTIDASE  IS  LINKED  TO  THE  MAJOR 
HISTOCOBffATIBILITY  COJffLEX  IN  MICE.  J.F.  Rechelhoff*,  J.S.  Bond,  R.J.  Beynon*, 
C.S.  David*,  Dept  of  Blochem. ,  MCV/VCU,  Richmond,  Va,  23298.  Meprln  is  a  me- 
talloendopeptldase  found  In  kidney  brush  border  membranes  of  most  strains  of 
mice.  Meprln  activity  has  been  shown  to  be  markedly  deficient  (2%  normal 
activity)  in  mice  of  the  Strong  C  stock  (e.g,  CBA/J,  C3H/HeJ,  CHI).  Meprln 
deficiency  Is  inherited  as  an  autosomal  recessive  trait.  Analyses  of  meprln 
activity  in  Inbred,  congenic,  and  recombinant  mouse  strains  have  led  to  the 
conclusion  that  expression  of  meprln  deficiency  is  linked  to  the  major  histo¬ 
compatibility  complex.  The  gene  for  the  expression  of  meprin  deficiency 
(Mep~l)  Is  located  to  the  right  of  H-2  complex  on  chromosome  17.  The  Mep-1 
phenotype  correlates  best  with  Pgk-2  phenotype,  expressed  as  different 
isozymes  of  phosphoglycerate  kinase  in  testicular  tissue.  This  work  repre¬ 
sents  the  first  localization  of  a  gene  that  determines  the  activity  of  a 
cellular  endopeptldase  in  mammalian  tissues.  In  addition,  the  Mep-1  gene  is 
the  first  Identified  gene  linked  to  the  major  hlstocompatibllty  complex  that 
regulates  a  proteinase  activity.  Supported  by  NIH  grant  AM  19691  and  NATO 
Grant  No.  0574/82 

A  PROOCEDURE  FOR  THE  PRODUCTION  OF  EXTRA  “  CELLULAR  AMMONIA  IN  DIALYSIS  CULTURES 
OF  A  NITROGEN  _  FIXING  BLUE  -  GRIEN  ALGA.  B.  L.  Sisson*and  J.  E.  Wilson,  Dept,  of 
Life  Sciences,  Virginia  State  University,  Petersburg,  VA  23803.  Free  ammonia  is 
released  by  Anabaena  azollae  grown  in  Allen  -  Arnon’s  medium  at  1/8  .strength 
without  nitrate  when  the  cells  are  treated  with  I  M  methionine  sulfoximine  (M 
SO).  Cells  are  grown  under  continuous  light  at  an  average  temperature  of  27°C. 
They  are  grown  three  days  without  dialysis  to  an  absffbance  value  at  750nm  of 
about  0.  10.  The  MSO  is  then  added  to  the  cultures.  Twenty  -four  hours  after  addi¬ 
tion  of  the  inhibitor  dialysis  is  started.  Ammonia  is  collected  from  the  dialy- 
zate  by  distillation  and  its  concentration  determined  by  the  phenol-hypochlorite 
method.  Anmonia  production  peaks  from  one  “■  four  days  after  MSO  treatment  depend¬ 
ing  on  the  conditions  of  the  experiment.  Flow  rates  of  40ml/hr  were  found  to  be 
adequate  for  ammonia  production.  The  type  of  dialysis  tubing  also  influences 
the  ammonia  production  -=  spectropore  4  being  better  than  spectropore  2.  Perfusbn 
of  MSO  treated  cells  with  5mM  fructose  or  SmM  sucrose  abolishes  ammonia  produc¬ 
tion  as  does  interruption  of  the  light  by  an  eight  hour  dark  period. 

CHARACTERIZATION  OF  A  STEROID  OXIDOREDUCTASE  IN  CLOSTRIDIUM  SP.  J-1.  Nancy  A. 
Stokes*  and  Philip  B.  Hy lemon,  Dept,  of  Microbiology/Immunology ,  Medical 
College  of  Virginia,  Richmond,  VA  23298.  A  T-ene-S-ketosteroid  5a-oxido- 
reductase  has  been  partially  purified  (134-fold)  from  soluble  cell  extracts  of 
Clostridium  sp.  J-1  using  HPLC  gel  filtration  and  HPLC-DEAE  column  chromato¬ 
graphy.  “X^relative  molecular  weight  (Mr)  of  80,000  was  estimated  by  gel 
filtration  chromatography,  NADH  (1.0  mM),  but  not  NADPH  (1.0  mM),  stimulated 
enzyme  activity  (3-fold)  using  the  soluble  enzyme  preparation.  The  enzyme 
preparation  reduced  21-hydroxy“4”pregnene-3,20-dione  to  5a"pregnan-36,21-dio-l- 
20-one  without  significant  accumulation  of  5a“pregnan-21-diol -3,20-dione. 
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A  CYCLIC  AMP-DEPENDENT  PROTEIN  KINASE  IN  DICTYOSTELIUM  DISCOIDEUM.  Roxanne  L. 
Vaughan*  and  Charles  L.  Rutherford*  Dept,  of  Biol.,  Va.  Polytechnic  Inst,  and 
State  Univ.,  Blacksburg,  Va.  24061.  A  cyclic  AMP-dependent  protein  kinase  was 
found  to  appear  during  the  time  course  of  development  of  Dictyostel ium 
discoideum.  Partially  purified  extracts  from  post-aggregation  stages  contained 
a  kinase  that  was  activated  up  to  6-fold  by  cyclic  AMP.  Likewise,  cAMP  binding 
activity  increased  from  the  aggregation  to  the  slug  stage  of  development.  When 
subjected  to  chromatofocus ing  chromatography  the  enzyme  dissociated  into  low 
molecular  weight  catalytic  and  regulatory  subunits  which  could  be  reconstituted 
into  a  functional  holoenzyme.  The  apparent  molecular  weights  of  the  holoenzyme, 
regulatory  subunit  and  catalytic  subunit  are  230,000,  49,000,  and  40,000, 
respectively.  Optimum  kinase  activity  occurred  at  pH  7.5  and  the  synthetic 
peptide  Kemptide  was  the  preferred  substrate.  The  dissociation  constant  of  the 
regulatory  subunit  for  cAMP  was  28  nM.  These  properties  are  similar  to  those 
of  mammalian  cAMP-dependent  protein  kinases,  (Supported  by  NIH  Grant  No.AG00677 
and  Jeffress  Memorial  Trust  Grant  No.  J.50.) 

CHARACTERISTICS  OF  THE  AZQLLA  EUBACTERIA.  W.H.  Wallace*,  R.  Kilgore,  &  J.E. 
Gates.  Biology  Dept.,  Va.  Commonwealth  Univ.,  Richmond,  VA  23284. 

We  reported  previously  that  aerobic  eubacteria  occur  in  the  leaf  cavities  of  the 
N-fixing  Azolla  fern  along  with  the  cyanobacteria  and  that  a  direct  linear  re¬ 
lationship  existed  between  their  numbers  and  fern  leaf  age.  These  bacteria  were 
initially  described  as  "coryneforms"  due  to  their  pleomorphism  and  Gram+  stain¬ 
ing.  Gregersen's  NaOH  method  also  indicated  that  they  were  Gram+.  Electron 
micrographs  revealed  a  cell  wall  more  typical  of  a  Gram-  bacterium,  but  they  did 
not. form  typical  "blebs**  on  the  outer  membrane  when  treated  with  polymyxin.  We 
are  analyzing  the  LPS  wall  component  for  keto-deoxyoctonate.  These  bacteria  are 
sensitive  to  erythromycin,  kanamycin,  streptomycin,  tetracycline  &  ampicillin  & 
moderately  so  to  neomycin  &  polymyxin.  They  are  penicillin,  carbenicil 1  in,  aur- 
eomycin  &  bacitracin  resistant.  They  require  only  glucose  or  fructose  &  basal 
salts  &  rapidly  oxidize  these  sugars,  presumably  reducing  the  O2  and  increasing 
the  CO2  tensions  in  the  fern  leaf  cavity. 


Psychology  Section 

THE  EFFECT  OF  DIAZEPAM  ON  POSTOPERATIVE  RECOVERY  IN  RATS  WITH  DAMAGE  TO  THE 
HIPPOCAMPUS.  J.C.  Campbell*,  J.J.  Delaney*,  and  L.E.  Jarrard,  Dept,  of  Psychol., 
Washington  and  Lee  Univ. ,  Lexington,  VA  24450.  Bilateral  hippocampal  aspira¬ 
tions  impair  memory.  Seizures  often  accompany  these  operations  as  well  as  de¬ 
generation  in  unrelated  brain  areas.  Since  this  degeneration  is  not  thought  to 
be  a  direct  result  of  the  operations,  seizures  are  suspected  as  the  cause.  To 
see  if  the  resulting  seizures  impair  memory,  an  attempt  was  made  to  reduce  the 
suspected  seizures  by  administering  an  anticonvulsant  (diazepam) . 

Twenty-three  male  Sprague-Dawley  rats  were  divided  into  four  groups.  The 
two  experimental  groups  each  consisted  of  6  rats  with  bilateral  hippocampal  as¬ 
pirations.  One  hippocampal  group  and  one  control  group  received  10  mg/kg  i.p. 
injections  of  diazepam  once  per  day  for  7  postoperative  days.  The  other  hippo¬ 
campal  group  and  an  unoperated  control  group  were  allowed  to  recover  without 
drug  treatment.  Animals  were  trained  on  an  8-arm  radial  maze  for  20  days  prior 
to  the  operations  and  were  then  given  a  7  day  recovery  period  followed  by  15 
days  of  testing.  Although  all  animals  that  received  hippocampal  lesions  were 
impaired  during  postoperative  testing,  the  performance  of  the  animals  that 
received  the  daily  injections  of  the  anticonvulsant  did  not  differ  significantly 
from  the  paired  group  that  did  not  receive  injections. 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


153 


SOME  PROCESSES  INVOLVED  IN  SOLVING  WORD  PUZZLES.  D.G.  Elmes,  J.B.  Thompson, 

P.F.  Chapman*,  and  G.  Clements*,  Dept,  of  Psychol.,  Washington  and  Lee  Univ. , 
Lexington,  VA  24450.  Exploratory  studies  tried  to  determine  some  of  the 
processes  involved  in  solving  word  puzzles.  Cryptograms  were  of  primary  focus, 
but  anagrams  and  a  version  of  hangman  also  were  examined.  The  subjects  decoded 
cryptograms,  unscrambled  anagrams,  or  guessed  the  correct  letters  in  hangman. 
For  each,  a  microcomputer  presented  sets  of  five  categorically-related  target 
words,  and  solution  time  was  measured.  Hangman  and  anagram  solution  were  not 
influenced  by  the  potency  of  category  membership,  but  cryptogram  solution  was 
four  times  slower  for  low-  as  compared  to  high-frequency  category  members.  The 
number  of  different  letters  in  a  target  set  did  not  influence  anagram  solution, 
but  cryptogram  colution  was  four  times  slower  when  the  number  of  different 
letters  in  a  set  increased  from  10  to  15.  The  expert's  trick  of  rewriting 
anagrams  in  a  circular  array  is  beneficial  only  when  the  subject  has  memorized 
the  set  of  target  words.  (Supported  by  a  R.E.  Lee  Research  Grant) 

THE  INTERRELATIONSHIP  OF  ENVIRONMENTAL  SETTING  AND  BEER  CONTAINERS  ON  THE 
DRINKING  BEHAVIOR  OF  COLLEGE  STUDENTS.  Holly  R.  Ford*,  M.  K.  Harwood*,  N.W. 
Russ,  Dept.,  of  Psych.,  Virginia  Tech.,  Blacksburg,  VA  24061.  This  study  com¬ 
pared  the  effects  of  group  size  and  container  type  on  the  amount  and  rate  of 
beer  consumption  at  a  University  snack  bar  and  five  town  bars.  Subjects  were 
unobtrusively  observed  and  recorded  on  such  measures  as  group  size,  gender, 
container  type  (i.e.,  pitcher,  cup,  or  bottle),  arrival  and  departure  times  and 
any  activity  the  subject  was  engaged  in  while  drinking.  Results  indicated  that 
students  in  town  bars  drank  more  and  at  a  higher  rate  than  those  at  the  Univer¬ 
sity  snack  bar.  Pitchers  were  associated  with  the  highest  consumption  at  both 
settings.  In  addition,  those  individuals  ordering  pitchers  spent  more  time  in 
the  bar  than  those  ordering  bottles  or  cups.  Group  size  was  positively  corre¬ 
lated  with  total  time  spent  in  the  bar,  while  negatively  correlated  with  drink¬ 
ing  rate.  The  results  are  discussed  in  terms  of  identifying  individuals  who  are 
at  a  high  risk  for  driving  under  the  influence  of  alcohol. 

ECOLOGICAL  EFFECTS  OF  A  SAFETY  BELT  INCENTIVE  PROGRAM  ON  OFFICER  JOB 
SATISFACTION,  ROLE  CONFLICT,  AND  PUBLIC  OPINION.  Sandra  L.  Forrest,  H.R.  Ford, 
and  J.R.  Rudd,  Dept,  of  Psychology,  VPI&SU,  Blacksburg,  Va.  240 6l .  Several 
peripheral  aspects  revolve  around  the  Seatbelt  Sweepstakes  program  on  the  Va. 
Tech  campus.  Aspects  such  as  officer  job  satisfaction,  student  attitudes 
toward  the  police,  the  number  of  accidents  and  injuries  on  campus,  and  the 
effect  of  the  program  has  on  the  officer's  daily  duties  were  studied  to  detect 
any  positive  or  negative  impact.  Data  collected  from  phone  surveys  given  to 
students  reflected  an  increased  awareness  of  the  program,  however  the  overall 
positive  attitudes  toward  the  officers  did  not  change.  An  analysis  of  the 
number  of  violations  issued  during  the  sweepstakes  indicated  a  variety  of 
fluctuations,  none  of  which  could  be  attributed  to  the  program  directly.  An 
analysis  of  accident  reports  compairing  nonbelt  wearers  with  belt  wearers 
revealed  the  importance  of  seatbelts  when  driving.  A  questionnaire  given  to 
the  police  officers  provided  information  related  to  their  opinions  and 
satisfaction  with  the  program.  This  questionnaire  revealed  that  the  officers 
did  not  believe  the  program  interfered  with  their  daily  duties  and  expressed 
an  overall  positive  reaction  to  the  program. 
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SEX  ROLE  STEREOTYPING  IN  TELEVISION  CHARACTERS:  VIEVMl  ATTRIBUTIONS  FOR 
SUCCESS  AND  FAILURE  IN  MARRIAGE  AND  CAREER.  Georgia  Kathryn  Green, »  Dept,  of 
Psychology,  Old  Dominion  Univ. ,  Norfolk,  VA  23508.  This  experiment  investi¬ 
gated  the  actor  and  observer  attributions  of  male  and  female  television  viewers 
for  success  and  failure  in  marriage  and  career.  The  subjects  were  104  female 
and  72  male  university  students.  Each  subject  read  short  biographical  state¬ 
ments  about  6  television  characters  (single,  successfully  married,  and  unsuc¬ 
cessfully  married  characters  of  each  sex,  all  occupationally  successful)  and 
answered  questions  about  characters*  career  and  marital  statuses.  Subjects 
also  indicated  degree  of  familiarity  with  characters  and  completed  personal 
background  and  attributional  style  questionnaires.  Both  male  and  female  sub¬ 
jects  made  internal  attributions  for  their  own  (actor)  and  the  characters* 
(observer)  success  and  failure  in  marriage  and  career,  and  degree  of  familiar¬ 
ity  had  no  effect*  Subjects  did  not  make  different  attributions  for  single, 
successfully  married,  and  unsuccessfully  married  females*  work  achievements. 

DEMOGRAPHICS  OF  SELF-SELECTED  USERS  OF  BREATH  ALCOHOL  SCREENING  DEVICES. 

Margaret  K.  Harwood*,  Hollie  R.  Ford*,  Nason  W.  Russ*,  Dept,  of  Psych., 

Virginia  Tech.,  Blacksburg,  Va.  24061.  This  study  measured  a  number  of  demo- 
graphical  and  attitudinal  variables  of  self-selected  users  of  BAG  meters  at  a 
college  beer  party  to  assess  public  acceptance  of  these  devices.  Subjects  who 
received  feedback  were  compared  with  those  who  did  not  in  order  to  assess  the 
relationship  between  perceived  intoxication,  BAG  feedback,  and  driving  plans. 
Results  show  that  60%  of  all  subjects  requested  feedback  at  least  once,  most 
citing  "simple  curiosity"  as  their  reason  for  the  request.  89%  were  willing  to 
pay  from  25c  to  $1.00  to  obtain  the  feedback  at  other  places.  Feedback  and  non 
feedback  subjects  were  equally  adept  in  accurately  reporting  the  number  of  cups 
of  beer  consumed.  However,  when  estimating  BAG  levels,  feedback  subjects 
tended  to  underestimate  while  non-feedback  subjects  tended  to  overestimate 
their  actual.  BAG.  Results  are  discussed  in  terms  of  whether  the  "personal  BAG 
meter'^could  decrease  the  incidence  of  drunk  driving  among  college  students. 

A  LABORATORY  STUDY  OF  POST-PURCHASE  DISSONANCE  AND  STATE  ANXI^Y. 
Paul  E.  Levy*.  Dept,  of  Psychol.,  Washington  &  Lee  Univ.,  Lexington 
Va.  24450.  Undergraduate  males  were  presented  a  series  of  pur¬ 
chase  situations  in  which  they  were  asked  to  choose  from  a  number 
of  alternatives  the  item  that  they  would  buy.  The  number  of 
alternatives  and  amount  of  information  were  manipulated.  Dis¬ 
sonance  was  measured  through  a  series  of  rating  scales  completed 
after  each  decision  and  also  by  the  level  of  state  anxiety  at  the 
end  of  the  session.  The  hypothesis  was  that  increasing  amounts  of 
purchase  information  would  reduce  dissonance  and  anxiety.  Dis¬ 
sonance  and  anxiety  were  not  highly  correlated,  and  increasing 
amounts  of  information  resulted  in  greater  dissonance  on  early 
decisions.  The  hypothesis  that  cognitive  dissonance  is  a  form  of 
state  anxiety  is  not  supported. 
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THE  CLINICAL  UTILITY  OF  THE  WECHSLER  DETERIORATION  INDEX  IN  ORGANICITY  SCREENING 
ASSESSMENT.  Jerry  R.  Livesay,  Mental  Health  Services  of  the  New  River  Valley, 

409  Norwood  St.,  Radford,  VA  24141.  Utilizing  the  Halstead  Impairment  Index  de¬ 
rived  from  the  Halstead-Reitan  neuropsychological  battery  as  the  defining  cri¬ 
terion  for  the  presence  or  absence  of  organic  brain  damage,  the  current  investi¬ 
gation  examined  the  hypothesis  that  the  Wechsler  Deterioration  Index  is  a  pre- 
dictively  efficient  method  for  screening  organically  impaired  subjects  from  non- 
impaired  subjects.  Subjects  were  36  examinees  consecutively  referred  for  neuro¬ 
psychological  assessment  and  were  divided  into  2  groups  on  the  basis  of  Halstead 
indices.  The  Impaired  group  were  13  males  and  7  females  whose  ages  ranged  from 
6  to  59  yr.  and  the  Non-Impaired  group  were  10  males  and  6  females  whose  ages 
ranged  from  16  to  43  yr.  Results  show  that  the  Wechsler  Indices  for  the  Im¬ 
paired  and  Non-Impaired  groups  represent  two  significantly  different  populations 
with  the  discrepancy  between  the  two  groups’  scores  falling  within  the  predicted 
direction  (t  =4.44,  L<  .01,  df  =  34,  one  tailed).  A  significant  positive  cor¬ 
relation  between  the  Halstead  Index  and  the  Wechsler  Index  was  indicated  for  all 
subjects  in  both  groups  (r  =  .362,  £^.10,  n  =  36).  No  significant  relationship 
was  indicated  between  the  Halstead  Index  and  other  psychometric  ratios,  how¬ 
ever. 


INDUSTRY-BASED  INCENTIVE  STRATAGIES  FOR  INCREASING  SAFETY  BELT  USE:  A  COST 
EFFECTIVE  COMPARISON.  Phillip  M.  Maddox*,  L.R.  Simkin*,  A.E.  Talton*,  Dept, 
of  Psychology,  Va.  Tech,,  Blacksburg,  Va.  24061.  Incentive  programs  for 
increasing  safety  belt  usage  at  various  industrial  sites  were  evaluated  and 
compared  for  their  cost  effectiveness.  Programs  were  evaluated  across  types 
of  employees  (blue  collar  vs,  white  collar),  seat  belt  policy  (formal  vs. 
informal),  components  of  program  (education,  disincentives,  incentives,  indi¬ 
vidual  rewards,  and  group  rewards),  impact  of  program  on  usage,  overall  cost 
of  program  (initial  and  future),  and  cost  per  employee.  Results  indicate  that 
the  effectiveness  of  a  program  is  not  directly  related  to  the  cost  of  the  pro¬ 
gram,  They  also  indicate  the  reward  strategies  (direct  and  immediate,  direct 
and  delayed,  and  indirect)  may  influence  the  success  of  the  program.  The 
effects  of  various  combinations  of  the  components  of  a  program  are  discussed, 
and  suggestions  are  made  for  the  most  cost  effective  strategies  for  future 
industry-based  incentive  programs. 

A  community-wide  APPROACH  TO  SAFETY  BELT  PROMOTION:  DEVELOPMENT,  IMPLEMENTATION, 
AND  EVALUATION.  James  G.  Nimmer*,  Phillip  Maddox*,  and  Cheryl  D.  Bruff*,  Dept, 
of  Psyc.,  Va,  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061,  A 
large-scale  program  for  motivating  safety  belt  and  child  safety  seat  use  is 
being  implemented  in  the  towns  of  Blacksburg  and  Christiansburg  in  Montgomery 
County,  Virginia.  The  project  has  been  developed  to  explore  the  potential  of 
extending  intervention  strategies  from  "closed"  environments  (e.g,,  industries) 
to  "open"  environments  (e.g,,  communities).  The  main  focus  of  the  project  is 
to  take  advantage  of  indigenous  personnel  within  the  community  (e.g.,  police, 
town  officials,  community  leaders)  thereby  reducing  the  costs  of  implementation 
and  increasing  the  chance  of  institutionalization  (i.e.,  becoming  an  integral 
part  of  community  affairs).  To  date,  a  workshop  for  community  leaders  focusing 
on  strategies  for  motivating  safety  belt  use,  an  official  proclamation  reading 
by  the  mayors  of  the  two  towns,  and  a  demonstration  on  the  proper  installation 
and  use  of  child  safety  seats  have  been  implemented.  The  evaluation  consists 
of  two  parts:  1)  assessing  the  impact  of  the  individual  projects  and  2)  evalu¬ 
ating  the  overall  countywide  impact. 
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CONSIDERATIONS  IN  BEHAVIORAL  TAXONOMY.  James  P.  B.  O'Brien,  Senior 
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WELCOME  TO  REALITY-  IMPROVING  ARMY  MARKSMANSHIP.  Timothy  J.O»Keefe* 
Steven  W.  Clarkef  &  A.  M.  Prestrude^Dep t .  of  Psyc . ,  Va.  Eolytech- 
nic  Inst.  &  State  Univ. ,  Blacksburg,  VA  24061.  The  sports  psyc- 
ologv  technique  of  Visuo-Motor  Behavior  Rehearsal  (VMBR) ,  which 
includes  relaxation,  thought  stopping,  visualization  and  concen¬ 
tration  training  v;as  employed  in  Basic  Rifle  Marksmanship  training, 
in  an  attempt  to  increase  qualifying  scores  on  a  test  company  of 
178  new  Army  recruits  at  Et.  Dix,NJ.  5  control  companies  v/ere  com¬ 
pared  to  the  experimental  company.  The  results  were  positive  but 
not  as  large  as  expected.  Applying  this  technique  to  a  large  group 
of  enlisted  men  produces  many  problems  including  improper  and 
inadequate  use  of  VMBR  by  sergeants.  There  v/as  also  the  possib¬ 
ility  of  mixed  eye-hand  dominance  facilitating  poor  shooting  per¬ 
formance.  VMBR  has  not  been  adopted  by  the  Army  but  seems  prom¬ 
ising  as  a  cost  effective  method  for  improving  marksmanship  scores. 

BEER  MAP:  A  TWO  DIIIENSIONAL  SCALING  SOLUTION  OF  SIMILARITIES  IN  BEER  FLAVORS  AND 
BEER  FLAVOR  ADJECTIVES.  Rosalynn  M.  Peroif,  Dept,  of  Psych., Old  Dominion  Univ., 
Norfolk,  Va. 23508.  Understanding  the  psychological  dimensions  underlying  beer 
preferences  and  perceived  similarities  in  beer  flavors  is  important  to  both 
brewer  and  consumer  psychologist.  Consequently,  a  two-dimensional  scaling 
(Kruskal,  et.al.,1981)  devised  from  similarity  ratings  comparing  a  reference 
beer  to  four  other  beers  and  six  beer-related  adjectives  generated  a  "beer  map" 
of  those  perceived  similarities.  All  subjects  were  required  to  participate  in 
a  triangle  taste  test  (three  trials  of  three  samples  in  which  two  samples  are 
the  same  and  one  is  different)  to  establish  their  ability  to  discriminate  among 
different  beers.  Similarity  and  preference  "maps"  were  generated  from  the  data 
for  ten  chance  subjects  (identified  one  or  less  triangle  trial  correctly)  and 
ten  discriminator  subjects  (identified  two  or  more  triangle  trials  correctly). 
The  similarity  maps  reveal  some  of  the  underlying  psychological  dimensions  of 
beer  flavors  as  perceived  by  both  the  discriminator  and  chance  participants. 
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THE  EFFECTS  OF  TRIMETHYLTIN  ON  EATING,  DRINKING,  AND  ACTIVITY  IN  THE  RAT.  A.R. 
Reins tein^'S  J.P.  Blount*,  J.  Willett,  III*,  and  L.E.  Jarrard,  Dept,  of  Psychol., 
Washington  and  Lee  Univ. ,  Lexington,  VA  24450.  Exposure  to  Trimethyltin  (TMT) 
is  known  to  cause  damage  to  the  hippocampus  as  well  as  inducing  spontaneous 
seizures  in  rats.  The  purpose  of  this  study  was  to  eliminate  the  initial 
seizures  by  administering  Valium  with  the  TMT  thereby  reducing  the  characteris¬ 
tic  brain  damage  and  the  behavioral  effects.  Male  rats  of  the  Sprague-Dawley 
strain  were  divided  into  three  equal  groups  of  6  rats  each  and  were  given  via 
intragastric  intubation  either  7.0  mg/cc  TMT,  7.0  mg/cc  TMT  and  1  cc  of  Valium 
(5  mg/cc),  or  saline.  Activity,  eating,  and  drinking  levels  were  monitored  on 
a  12tl2  light/dark  cycle.  Over  a  fourteen  day  period,  there  were  significant 
increases  in  the  day  and  night  activity  from  1  to  5  days  post-TMT  administra¬ 
tion  in  both  TMT  groups.  The  results  indicate  an  increase  in  home-cage  acti¬ 
vity  but  no  effect  on  eating  and  drinking.  The  lack  of  differences  between  the 
TMT  and  TMT-Valium  groups  may  be  due  either  to  (1)  the  brain  damage  is  not  a 
result  of  seizures,  or  (2)  the  dosing  regimine  was  insufficient  to  control  the 
seizures. 

COMPUTER  ACCOUNTING  SYSTEMS:  STREAMLINING  RESEARCH  PROGRAM 
OPERATIONS.  A.  A.  Reyna*,  J.  R.  Rudd*,  &  P.M.  Maddox*,  Dept,  of 
Psychology.,  Virginia  Polytechnic  Institute,  Blacksburg,  Va  24060.  Perhaps 
the  greatest  contribution  of  computer  technology  to  the  research  world  has 
been  the  development  and  application  of  software  packages  to  facilitate 
organizational  efficiency  and  innovation.  With  the  development  of  computer 
software,  data  collection,  data  entry,  data  processing,  and  statistical  analysis 
has  been  made  less  costly  as  well  as  less  time  consuming.  In  addition, 
innovations  in  interpreting  research  methodology  have  been  made  possible  via 
the  use  of  computer  systems.  The  current  presentation  discusses  the  success 
and  failures  in  computerizing  a  research  organization.  For  example,  the 
implications  of  computer  technology  in  addressing  methodological  issues  in 
safety  belt  research  are  discussed.  in  addition,  the  controversy  as  to 
whether  the  availability  of  a  shoulder  belt  should  be  determined  by  actual 
observation  of  shoulder  belts  or  head  rests  will  also  be  addressed 

ORGANIZATION-BASED  INCENTIVE  DELIVERY  SYSTEMS:  MOTIVATING 

TRANSPORTATION  SAFETY  THROUGH  INDIGENEOUS  PERSONNEL.  James  R. 
Rudd*,  Sandra  Forrest*,  and  Fredrick  Streff*  Dept,  of  Psyc.,  Va  Polytechnic 
Inst,  and  State  Univ.,  Blacksburg,  VA  24061.  An  incentive  based  program  to 
promote  safety  belt  use  on  a  large  university  campus  (21,000  students)  was 
initiated  in  September  1983  with  a  comprehensive  evaluation  plan.  This  project, 
termed  "Seatbelt  Sweepstakes",  is  administered  by  the  campus  police 
department  and  three  week  incentive  periods  are  introduced  on  a  quarterly 
basis  in  order  to  document  increases  in  shoulder  belt  use  as  well  as  response 
maintenance.  Usage  on  the  Virginia  Tech  campus  has  increased  34%  since  the 
implementation  of  the  program  with  plans  underway  to  institutionalize  the 
program  by  obtaining  support  from  volunteer  groups  and  promoting  program 
ownership  by  the  campus  police  department.  (Supported  by  Virginia  Division  of 
Motor  Vehicles  Grant  DE84"5~58005) 
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ASSESSING  THE  RISK  OF  ALCOHOL- IMPAIRED  DRIVING  AMONG  STUDENTS  AT  A 
COLLEGE  PARTY.  Nason  W.  Russ* ,  Mark  G.  Altomari,  Hollie  R.  Ford*, 

Dept,  of  Psych.,  Virginia  Tech.,  Blacksburg,  VA  2ko6l.  The  risk  of 
alcohol-impaired  driving  among  college  students  was  assessed  by  look¬ 
ing  at  their  accuracy  in  estimating  their  blood-alcohol  content  (BAC) 
and  the  number  of  beers  they  drank  at  a  party.  Cup-by-cup  beer  con¬ 
sumption  was  monitored  for  each  student  and  a  BAC  test  and  question¬ 
naire  were  given  as  the  students  left  the  party.  Students  were  asked 
to  report  the  number  of  cups  they  consumed  and  asked  to  estimate  their 
BAC.  Results  showed  that  only  31^  of  all  subjects  correctly  reported, 
and  k0%  under-reported  the  number  of  beers  consumed.  Almost  60^  of  all 
students  underestimated  their  true  BAC.  The  results  are  discussed  in 
terms  of  how  improving  the  ability  to  identify  one’s  level  of  impair¬ 
ment  may  decrease  alcohol-impaired  driving  among  college  students. 

SEX-ROLE  ORIENTATION  AND  STRESSFUL  LIFE  EVENTS:  RELATIONSHIPS  BETVJEEN  ANDRO¬ 
GYNOUS  AND  SEX  TYPED  INDIVIDUALS.  Laurey  R.  Simkin*,  &  C.G.  Baum*,  Dept,  of 
Psychology,  Virginia  Tech,  Blacksburg,  Va.  24061.  This  study  examined  the 
relationships  between  gender  role  identification  and  life  stress.  Androgynous 
and  sex  stereotyped  individuals  were  compared  according  to  the  number  and 
perceived  valence  of  stressful  life  events  (SLE’s),  in  order  to  explore  whether 
androgynous  behavior  is  more  advantageous  and  adaptive  than  sex-typed  behavior. 
It  was  hypothesized  that  androgynous  individuals  would  report  fewer  stressors, 
and  would  experience  these  stressors  less  negatively,  due  to  their  flexible 
behavior  patterns  and  effective  coping  behavior.  Preliminary  analyses  indicate 
that  androgynous  subjects  do  experience  fewer  SLE’s  and  also  rate  their  SLE’s 
as  less  undesirable  than  sex-typed  subjects.  Furthermore,  there  appears  to  be 
significant  sex  by  sex-type  interactions.  The  implications  of  these  results 
are  discussed  in  terms  of  adaptive  coping  behavior  in  relation  to  stress. 

PROMOTING  COMMUNITY  HEALTH:  AN  AUTODEALERSHIP  PROGRAM  TO  INCREASE  SAFETY 
BELT  USE.  Fredrick  M,  Streff*,  T.J.  Fisher*,  and  E.S.  Geller,  Dept,  of 
Psychology,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061. 

Annually  more  than  34,000  deaths  and  500,000  injuries  occur  to 
vehicle  occupants  in  the  U.S.  and  it  has  been  estimated  that  safety  belt 
use  can  reduce  the  chance  of  death  or  significant  injury  by  up  to  50%,  A 
commitment/incentive  based  program  was  implemented  at  an  autodealership  as 
one  part  of  a  community-wide  effort  to  increase  safety  belt  use.  Patrons 
entering  the  auto  showroom  were  given  the  opportunity  to  enter  a  raffle  for 
signing  a  safety  belt  pledge  card  which  represented  a  commitment  to  wear  a 
safety  belt  for  four  weeks.  The  effects  of  the  commitment  on  observed  and 
self-reported  safety  belt  use  and  showroom  traffic  will  be  discussed.  In 
addition,  the  implications  of  introducing  this  type  of  intervention  on  a  gre 
greater  scale  on  community  safety  belt  use,  its  effects  on  dealership  oper¬ 
ations  and  its  potential  impact  on  community  health  as  a  whole  will  also  be 
examined . 
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A  CHURCH- BASED  COmiTMENT  STRATEGY  FOR  INCREASING  SAFETY  BELT  USE. 

A.E.  T ALTON*,  R.  Bruner^,  &  E.S.  Geller,  Dept,  of  Psychology,  Va,  Tech., 
Blacksburg,  Va.  24061.  Each  year  in  the  U.S.,  more  than  34,000  people  are 
killed  and  500,000  others  are  seriously  injured.  More  than  half  of  these 
deaths  and  injuries  could  be  prevented  if  safety  belts  were  worn.  Several 
strategies,  including  commitment  programs,  have  proven  cost-effective  for 
increasing  safety  belt  usage  in  industry.  In  attempting  to  extend  such  strate¬ 
gies  from  industry  to  the  community,  a  pledge  card  program  was  implemented  in 
a  Baptist  church  in  Blacksburg,  Va.  A  one-page  educational  insert  appeared  in 
church  bulletins  one  Sunday,  with  an  attached  Safety  Belt  Pledge  Card. 
Church-goers  were  urged  to  make  a  pledge  to  buckle  up  for  four  weeks,  by 
signing  the  pledge  card  and  placing  it  in  the  offering  plate.  Unannounced 
baseline  data  at  the  church  revealed  31%  shoulder  belt  usage;  announced 
baseline  usage  rose  to  33%;  treatment  usage  was  46%,  and  follow-up  usage,  38%. 
Further  data  analysis  will  be  discussed,  along  with  speculations  for  future 
programs . 

WORK  ENVIRONMENT  AND  SELF-ESTEEM:  A  STUDY  OF  WOMEN  IN  HIGH  ORGANIZA¬ 
TIONAL  POSITIONS.  S.  Dee  Treschuk,  Dept,  of  Psych.,  Old  Dominion 
Univ.,  Norfolk,  VA  23507.  Studies  to  determine  the  job  characteris¬ 
tics  which  promote  self-esteem  have  been  largely  inconsistent.  Enrploy- 
ees  of  higher  order  need  satisfaction  are  most  effective  in  jobs  with 
variety  and  autonomy.  Research  on  women  in  achievonent  indicates  the 
career  advancement  of  women  may  be  inhibited  by  low  self-esteem;  it  is 
not  clear  the  type  of  work  environment  \«^ich  may  perpetuate  self-depre¬ 
ciation  in  women.  The  purpose  of  the  present  study  is  to  identify  the 
job  characteristics  which  correlate  with  self-esteem  in  a  sanple  of 
women  from  upper  level  organizational  positions.  A  background  informa¬ 
tion  questionnaire,  the  Performance  Self-Esteem  Scale  and  the  Job  Diag¬ 
nostic  Scale  (short  form)  were  used  in  order  to  collect  data  from  55 
women.  A  multiple  regression  analysis  indicated  Self-Esteem  correlated 
positively  with  Skill  Variety,  Feedback  from  the  Job,  Dealing  with 
Others,  Supervisory  Satisfaction,  Growth  Satisfaction,  and  Motivating 
Potential  (r  =  .45,  r  =  .35,  r  =  .33,  r  ~  .29,  r  =  .27,  r  =  .37,  r  = 

.35,  respectively,  p<.05). 


EFFECH’S  OF  ILLUSORY  CORRELATIONS  AND  WORD  ASSOCIATIONS  ON  REPORTED  FREQUENCY  OF 
WORD  PAIRS.  Dedra  J .  Wilson*  and  J^.  £.  King*,  Dept,  of  Psych.,  Radford  Univ.,/ 
Radford,  VA.  24142.  Chapman  (1967)  found  that  when  subjects  were  shown  a  list 
□f  word  pairs,  they  reported  having  seen  correlated  word  pairs  more  often  than 
word  pairs  which  were  not  correlated.  In  the  present  study,  22  subjects  were 
shown  15  uncorrelated  word  pairs;  each  pair  repeated  four  times.  They  were  then 
shown  11  test  pairs:  5  of  which  they  had  seen,  and  3  uncorrelated  pairs  and  3 
correlated  pairs  which  they  had  not  seen.  Subjects  were  asked  to  report  the 
nuafcer  of  times  they  had  seen  each  test  pair.  The  hypothesis  that  unfamiliar 
correlated  pairs  would  be  reported  as  having  been  seen  more  often  than  un¬ 
familiar  uncorrelated  pairs  was  supported.  Implications  of  these  results  with 
those  of  Chapman  (19^7)  for  the  study  of  human  memory  are  discussed. 
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A  CONFIDENCE  INTERVAL  ABOUT  THE  RESPONSE  AT  THE  CONSTRAINED  STATIONARY  POINT  OF 
A  RESPONSE  SURFACE.  Walter  H.  Carter,  Jr.*,  Dept,  of  Biostat.,  Med.  Col.  of  Va., 
Richmond,  Va.  23298,  Vernon  M.  Chinchilli,  Dept,  of  Biostat.,  Med.  Col.  of  Va., 
Raymond  H.  Myers*,  Dept,  of  Stat.,  Va.  Polytech.  Inst.  &  State  Univ. ,  &  Eleanor 
D.  Campbell*,  Dept,  of  Biostat.,  Med.  Col.  of  Va.  In  the  optimization  phase  of 
a  response  surface  analysis,  it  is  often  necessary  to  consider  constraints  on 
the  process.  Ridge  analysis  is  used  to  estimate  the  location  of  the  stationary 
point  subject  to  a  region  constraint.  Other  times  it  is  of  interest  to  optimize 
a  response  function  subject  to  a  constraint (s)  on  values  of  another  response 
function(s).  For  example,  it  may  be  of  interest  to  optimize  the  quality  of  a 
product  subject  to  a  cost  constraint  on  its  production. 

A  procedure  exists  for  estimating  a  conservative  100(l-a)%  confidence  interval 
about  the  response  at  the  location  of  the  stationary  point  in  the  absence  of 
constraints  on  the  optimization.  The  purpose  of  this  paper  is  to  extend  this 
procedure  to  include  the  calculation  of  a  conservative  100(l-a)%  confidence 
interval  about  the  response  at  a  constrained  stationary  point  and  to  provide  the 
user  with  an  important  improvement  in  strategy  for  doing  response  surface 
optimization. 


ESTEiATION  OF  ED 


loop 


FOR  COMBINATION  EJ^ERIPENTS.  Vernon  M.  Chindiilli  and 


W.  Hans  Carter,  Dept,  of  Biostatistics,  Va.  Ccomonwealth  IMiv. ,  Richmond, 

Va,  23298.  In  a  single  drug  experiment,  the  ED-^qq^  is  defined  as  that  dose 
vdiich  is  "effective"  for  100p7o  of  the  population,  ^0<p<l.  Various  paranetric 
and  nonparametric  estimators  have  been  proposed  in  the  literature  for  this 
single  drug  case.  The  concept  is  extended  to  conbination  drug  experiments, 
where  a  factorial  desi^  is  employed.  In  this  case  the  EDpoOp  consists  of  a 
set  of  points  and  not  just  a  single  point.  The  construction  of  parametric  and 
nonparametric  estimators  is  e^lored.  The  problems  associated  with  nonpara¬ 
metric  estimation  may  render  it  inpractical,  so  that  parametric  estimation 
appears  to  be  the  best  approach  at  the  moment. 


STATISTICAL  PROCESS  CONTROL  CHART  PROCEDURE  BASED  ON  SEQUENTIAL  RAIJKS . 

Jain  Chung,  Dept,  of  Statistics,  Va.  Polytechnic  Inst,  and  State  Univ. 
Blacksburg,  Va.  24061.  A  nonparametric  control  chart  procedure  is  proposed 
for  controlling  the  mean  of  a  process  when  the  process  mean  and  variance  are 
unknown  and  cannot  be  accurately  estimated.  The  control  statistic  is  based 
on  a  sequence  of  Wilcoxon  rank  sum  statistics  obtained  by  ranking  the  current 
sample  with  respect  to  all  previous  samples,  A  simple  way  of  setting  control 
limits  is_giYen.  Monte  Carlo  simulation  is  used  to  compare  this  procedure 
with  the  X-chart  which  used  an  initial  sample  to  estimate  the  mean  and  the 
variance  of  the  process , 

AN  ANALYSIS  OF  COVARIANCE  VERSION  OF  THE  MULTIVARIATE  GROWTH  CURVE 
MODEL  ALLOWING  FOR  MISSING  DATA.  Ronald  ^  Elswick,  Jr . * ,  Dept,  of 
Biostatistics,  Med.  Col.  of  Va.,  Richmond ,  Va.  23298. 

The  multivariate  growth  curve  model  (MGCM)  fits  a  polynomial  curve 
for  repeated  measurements  of  a  response  variable.  Kleinbaum  (1973) 
developed  a  generalized  MGCM  which  allows  missing  data  by  restating 
the  multivariate  model  as  a  univariate  model.  Best  asymptotically 
norm.al  (BAN)  estimators  and  tests  of  the  general  linear  hypothesis 
are  found.  Since  it  may  be  important  to  adjust  for  covariates  in 
some  experimental  situations,  Chinchilli  (1984)  developed  an  exten¬ 
sion  to  the  MGCM  which  permits  the  use  of  covariates  in  a  manner 
analogous  to  the  classical  multivariate  analysis  of  covariance. 
Using  techniques  similar  to  Kleinbaum  (1973) ,  the  model  by 
Chinchilli  (1984)  is  generalized  to  allow  missing  data.  BAN  esti¬ 
mators  and  tests  of  the  general  linear  hypothesis  are  also  given. 
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A  Comparison  Of  Four  ANOVA  Procedures  for  Nonorthogonal  Two-Way 
Factorial  Designs.  Ronald  D.  Gunn  &  R.  E.  Johnson,  Dept,  of 
Mathematical  Sciences,  Va.  Commonwealth  Univ.,  Richmond,  Va. 

23284  There  has  been  an  abundance  of  literature  discussing 
nonorthogonal  ANOVA.  Johnson  and  Herr  (1983)  compared  the 
standard  parametric  (STP)  analysis  and  the  each-adjusted-f or- the- 
other  (EAD)  analysis  by  way  of  hypothesis  testing  error  probabil- 
ties.  Appelbaum  and  Cramer  (1974)  introduced  an  algorithm  for 
testing  the  standard  hypothesis  of  two-way  ANOVA.  O’Brien  (1976) 
modified  the  Appelbaum  and  Cramer  algorithm.  In  this  paper  we 
discuss  some  of  the  problems  associated  with  nonorthogonal  designs 
along  with  a  prospective  comparison  of  the  four  analyses  listed 
above  by  way  of  a  simulation  study  of  hypothesis  testing  error 
probabilities . 

AIC -REPLACEMENTS  FOR  MULTIVARIATE  MULTI-SAMPLE  CONVENTIONAL  TESTS  OF  HOMOGENEITY 
MODELS.  Hamparsum  Bozdogan,  Dept,  of  Math.,  Univ.  of  VA. ,  Charlottesville,  VA. , 
22903.  In  ordinary  analysis  of  variance  often  the  equality  of  underlying  vari¬ 
ances  is  assumed  without  realizing  whether  indeed  a  given  multi-sample  data  set 
has  such  a  relationship  in  the  parent  populations.  Parallel  to  this,  in  the 
multivariate  case  the  assumption  of  the  equality  of  covariance  matrices  is  cer¬ 
tainly  more  hazardous.  To  leap  at  once  to  multivariate  analysis  of  variance 
(MANOVA)  hypothesis  before  testing  the  homogeneity  of  covariances  and  the  com¬ 
plete  homogeneity  is  dangerous  unless  we  have  prior  knowledge  about  the  parental 
dispersions.  The  AlC-replacement  for  Wilks’  A  criterion  for  testing  the  equality 
of  mean  vectors;  and  for  Box’s  M  for  testing  the  homogeneity  of  covariances,  and 
for  testing  complete  homogeneity  is  studied  from  an  information-theoretic  view¬ 
point  via  Akaike's  Information  Criterion  (AIC).  This  criterion  combines  the 
maximum  value  of  the  likelihood  with  the  number  of  parameters  used  in  achieving 
that  value.  It  unifies  the  conventional  test  statistics  and  avoids  the  arbitrary 
choice  of  significance  level  in  testing  the  parameters  in  k  multivariate  normal 
populations.  Numerical  examples  are  presented  and  results  are  shown  in  both 
univariate  and  multivariate  cases  on  the  same  real  data  set  to  demonstrate  the 
utility  and  versatility  of  AIC  in  these  problems. 


CHI  SQUARE  ANALYSIS  OF  DATA  FROM  COMPLEX  SURVEYS.  Neil  W.  Henry,  Depts.  of 
Math.  Sciences  and  Soc.  &  Anthro.,  Va,  Commonwealth  Univ.,  Richmond,  Va.  23284. 
The  ordinary  chi  square  statistic  is  inappropriate  for  testing  independence  when 
data  have  been  collected  using  a  complex  sample  design  such  as  multistage  clus¬ 
ter  sampling.  Adjustments  to  chi  square  that  have  been  suggested  by  Bedrick  and 
Rao  and  Scott,  among  others,  require  estimation  of  the  effects  of  the  design  on 
each  cell  of  the  contingency  table.  A  direct  approach  is  proposed  here,  using 
chi  square  val.ues  calculated  within  subsamples  to  adjust  the  overall  statistic. 
The  procedure  is  easily  implemented  using  SAS  and  is  applied  to  data  from,  the 
NORC  General  Social  Survey, 

BLOCK  TESTS  FOR  THE  NONPARAMETRIC  MULTIVARIATE  TWO  SAMPLE  PROBLEM.  Kang-Kyun 
Kim,  Dept,  of  Stat. ,  Va.  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va. 
24061.  For  the  nonparametric  multivariate  two-sample  problem  block  tests, 
which  are  unconditionally  distribution  free  and  independent  of  ranking  multi¬ 
variate  observations,  are  considered;  and  new  procedures  are  proposed. 

Block  tests  employ  generalized  distance  functions  between  two  empirical  pro¬ 
bability  measures  defined  on  statistically  equivalent  blocks.  The  block  test 
proposed  by  Wilks  is  asymmetric  with  respect  to  the  two  samples.  In  this  paper 
extended  notions  of  statistically  equivalent  blocks  are  used  to  propose  two  new 
tests  that  overcome  the  as3rmmetry  problem.  As5nnptotic  normality  of  the  pro¬ 
posed  test  statistics  is  proved  under  the  null  hypothesis  using  conditional 
limit  theorems,  and  the  performances  of  the  block  tests  are  compared  via  Monte 
Carlo  procedures. 
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GENERALIZED  QUADRANT  STATIbTICS.  Edward  P.  Markowski ,  Dept,  of  Math.  Sci . *  Old 
Dominion  University,  Norfolk,  VA  23508.  A  family  of  statistics  for  testing  the 
independence  hypothesis  are  intrddu-ed.  The  family  generalizes  the  quadrant 
test  which  is  included  as  a  special  case.  Exact  and  asymptotic  distribution 
theory  for  the  statistics  is  discussed.  It  is  shown  that,  for  many  correlation 
models,  the  efficiency  of  the  quadrant  test  can  be  improved  by  properly  defining 
the  quadrants. 

IMPLEMENTING  STATISTICAL  FORECASTING  MODELS:  A  CASE  STUDY.  Don  M.  Miller,  - 
School  of  Business,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23284.  The  success¬ 
ful  implementation  of  a  statistical  forecasting  model  cannot  be  taken  for 
granted.  Despite  being  technically  sound,  an  organization  may  resist  its  use. 

It  may  be  inconsistent  with  organizational  constraints.  Or  it  may  not  be  adap¬ 
ted  to  changes  which  occur  in  the  environment.  Overcoming  these  potential  pit- 
falls  requires  a  clear  recognition  of  the  makeup  and  needs  of  the  particular 
organization.  The  development  of  a  forecasting  system  for  a  finance  organiza¬ 
tion  within  Xerox  Corporation  is  described.  Its  successful  implementation  is 
used  as  a  case  study  illuminating  some  important  principles  for  the  implementa¬ 
tion  of  statistical  forecasting  models. 

WHO  KILLED  THE  COOK:  AN  EXERCISE  IN  ELEMENTARY  PROBABILITY.  Janet 
S.  Milton,  and  J.  J.  Corbet*,  Dept,  of  Statistics,  Radford  Univ,, 
Radford,  VA.  24142.  Nero  Wolfe  applies  probability  theory  to 
help  solve  a  mystery.  This  paper  presents  an  unusual  application 
to  the  old  "hat-check"  problem  involving  complete  permutations. 

OUTLIERS  AND  RESPONSE  SURFACES.  Mary  Ann  O' Gorman*  and  Dr.  Ra5nnond  H.  Myers, 
Dept,  of  Statistics,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA  24061. 
This  research  examines  the  effects  of  a  mean  shift  outlier  in  response  surface 
design  and  analysis.  The  bias  induced  by  an  outlier  is  examined  at  the  design 
points  and  over  the  region  of  interest.  Criteria  are  developed  to  evaluate  the 
robustness  of  designs  to  outliers.  Several  types  of  designs  commonly  used  in 
practice  are  compared  in  terms  of  these  criteria.  These  designs  include  central 
composite  designs,  Box-Behnken  designs,  small  composite  designs  and  hybrid  de¬ 
signs  . 


DESIGNS  FOR  MULTIPLE  COMPARISONS  OF  TREATMENTS  VS.  CONTROL. 

DHAFIR  H.  RA SHED. Dept,  of  Statistics,  Virginia  Polytechnic  Instit. 
Blacksburg, Va.  24061,  We  consider  the  problem  of  comparing  simult¬ 
aneously  P.^2  test  treatments  with  a  control  treatment  in  blocks 
of  size  k  <LP+l.Bechhofer  and  Tamhane  (I98I)  proposed  balanced  tre¬ 
atment  incomplete  block  (BTIB)  designs  for  this  situation* 

To  provide  further  flexibility  in  constructing  designs  that  are 
suitable  for  this  problem  we  extend  Bechhofer  and  Tamhane 's  work 
to  designs  that  are  partially  balanced  with  respect  to  test 
treatments  (FETIB)  .  We  study  the  structure  of  these  designs  and 
methods  for  their  construction.  We  discuss  their  efficiencies  and 
provide  a  procedure  for  using  existing  tables  to  find  approximat  - 
ions  for  the  joint  confidence  intervals  for  the  multiple  treatment 
vs.  control  comparisons  . 
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NONPARAMETRIC  CUSUM  CHARTS  WHEN  THE  CONTROL  VALUE  iS  NOT  SPECIFIED. 

Changsoon  Park  and  Marlon  R.  Reynolds,  Jr.,  Dept,  of  Statistics,  Va.  Polytechnic 
Inst,  and  State  Univ. ,  Blacksburg,  Va.  24061.  In  designing  a  control  chart,  the 
exact  distribution  of  the  observations  is  usually  assumed  to  be  known.  When 
there  is  insufficient  information  to  determine  the  distribution,  nonparametric 
procedures  are  appropriate.  In  such  cases  the  control  value  may  not  be  given  be¬ 
cause  of  insufficient  information.  To  construct  a  control  chart  when  the  control 
value  is  not  given,  a  standard  sample  must  be  obtained  when  the  process  is  known 
to  be  under  control  so  that  the  quality  of  the  product  can  be  maintained  at  the 
same  level  as  that  of  the  standard  sample.  For  this  purpose,  samples  of  fixed 
size  are  observed  sequentially,  and  at  each  time  a  sample  is  observed  a  two-sam¬ 
ple  nonparametric  statistic  is  obtained  from  the  standard  sample  and  the  sequen¬ 
tially  observed  sample.  With  these  statistics  the  usual  CUSUM  chart  can  be  per¬ 
formed.  To  eliminate  the  difficulty  in  the  dependent  structure  of  the  statistics 
we  use  the  fact  that  conditioned  on  the  standard  sample  the  statistics  are 
i.i.d.  random  variables.  The  Brownian  motion  process  is  used  to  approximate  the 
discrete  time  process  of  the  CUSUM  chart.  The  run  length  distribution  of  the  ap¬ 
proximated  CUSUM  chart  is  derived  by  using  the  inverse  Laplace  transform.  Apply¬ 
ing  an  appropriate  correction  to  the  boundary  improves  the  approximation. 


MULTIVARIATE  DISTRIBUTIONS  IN  SIMULATION.  Gary  Ulrich,  Dept,  of  Statistics, 

Va.  Polytechnic  Inst. ,  Blacksburg,  Va.  24061.  A  class  of  continuous 
multivariate  models  with  specified  marginal  distributions  is  presented 
and  properties  of  this  class  are  highlighted.  These  models  are  simple  to 
apply  and  they  allow  the  user  to  specify  not  only  the  degree,  but  also  the 
pattern  of  correlation.  The  class  provides  models  with  gamma,  Weibull, 
beta  and  uniform  marginals  and  can  be  generalized  to  include  other  commonly 
used  distributions.  It  also  includes  a  family  of  uniform  models  which 
converge  to  any  singular  uniform  distribution  for  extreme  values  of 
correlation  parameters.  The  use  of  these  models  in  simulation  studies  is 
discussed  with  particular  emphasis  on  choosing  the  correlation  parameters 
and  on  generating  random  vectors.  Applications  of  the  model  are  presented. 

LEVERAGE.  RESISTANT  ESTIMATORS.  Esteban  Walker*  Dept,  of  Statistics,  Virginia 
Tech.,  Blacksburg,  VA.  24061.  and  CONACYT,  Mexico,  and  Jeffrey  B.  Birch,  Dept, 
of  Statistics,  Virginia  Tech.  It  is  known  that,  in  the  regression  context, 
M-estimators  are  not  resistant  to  outliers  that  occur  at  high  leverage  points. 
Trying  to  achieve  resistance  to  this  kind  of  outliers,  several  researchers 
have  modified  the  "normal  equations"  of  the  M-estimators  to: 

^  0  , 

where  and  tt.  and  are  aimed  to  bound  the  effect  of  outliers  at 

high  leverage  points.  Several^combinations  of  C'n'^,T^)  have  been  proposed  in 
the  literature.  In  this  paper,  other  alternatives  for  nre  presented 

and  their  relationship  to  some  measures  of  influence  discussed.  Regarding 
these  estimators  as  weighted  least  squares  estimators,  the  potential  effects 
of  collinearity  are  analyzed.  It  is  shown  empirically  that  the  collinearity 
structure  of  the  regressor  matrix  X  can  be  altered  by  the  weighting  process. 

A  remedy  to  collinearity  for  these  estimators  is  given. 
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Aeronautical  and  Aerospace  Sciences  Section 

Continued  from  page  61 

COUNTERCURRENT  FLOW  MEASUREMENTS  IN  A  RAPIDLY-ROTATING  CYLINDER  PARTIALLY  FILLED 
WITH  A  LIQUID.  G.O.  Beggs,*  R.H.  Kraus s*  &  J.E.  Scott,  Jro,  Dept,  of  Mech.  & 

Aero  Engr.,  Univ.  of  Va. ,  Charlottesville,  Va  22901.  The  radial-dependence  of 
the  azimuthal  and  axial  velocity  components  in  a  flow  in  a  rapidly-rotating  cyl¬ 
inder,  partially  filled  with  a  viscous,  imcompressible  fluid,  has  been  measured 
using  a  laser-Doppler  velocimeter  (LDV)o  The  cylinder  has  a  vertical  axis  of 
rotation,  and  a  countercurrent  flow  is  induced  by  driving  a  coaxially-mounted 
disk  at  the  top  endcap  at  a  frequency  different  from  the  spin  frequency  of  the 
rotor.  Experimental  results  obtained  over  a  range  of  values  of  Ekman  (E)  and 
Rossby  (R)  number  indicate  that  the  axial  circulation  is  confined  primarily  to 
E^/^  shear  layers  along  the  lateral  boundaries,  the  radial  transport  in  the 
Ekman  layers  is  essentially  unaffected  by  the  presence  of  the  free  surface,  and 
the  result  is  an  axial  transport  in  an  E^/^  boundary  layer  along  the  free  sur¬ 
face  which  had  heretofore  not  been  anticipated.  The  experimental  results  are  in 
good  agreement  with  numerical  predictions  based  on  a  finite  different  simulation 
on  the  full,  nonlinear,  axisymmetric  governing  equations  for  which  the  horizontal 
Ekman  layers  are  resolved  and  also  for  which  an  Ekman  matching  condition  is  used 
to  satisfy  the  boundary  conditions  on  the  horizontal  surfaces.  (Supported  by 
Dept,  of  Energy,  Contract  No.  DE-AC05-820R20900 □ ) 

ANALYSIS  OF  THE  SLIPSTREAM  INTERFERENCE  STUDIES  OF  A  PROP-FAN  ON  WING  BODY 
CONFIGURATIONS  AT  SUBSONIC  SPEEDS.  B.  Chandrasekaran*,  ViRA,  Inc.,  28  Research 
Drive,  Hampton,  VA  23666.  The  purpose  of  this  study  is  to  improve  the  theoret¬ 
ical  method  developed  earl  ier  for  predicting  the  propulsion  interaction  effects  of 
a  propfan  on  the  aircraft  aerodynamics  at  subsonic  speeds.  A  potential  flow 
panel  code  is  modified  to  calculate  the  effect  of  the  propeller  slipstream  on  the 
time  overaged  surface  pressure  and  velocity  distribution  for  aircraft  configura¬ 
tion.  The  model  consists  of  a  SR2  blade  propfan,  mounted  on  an  overwing  nacelle 
integrated  with  a  straight  supercritical  wing.  The  propeller  is  considered  to 
be  an  actuator  disk  and  its  wake  is  modelled  by  a  vortex  tube,  consisting  of  a 
series  of  constant  strength  vortex  rings,  whose  strengths  are  determined  from 
the  induced  velocity  at  the  center  of  the  propeller.  Swirl  is  handled  in  this 
present  work  by  the  propeller  performance  calculations  rather  than  from  the 
constant  induced  velocity  distribution  obtained  from  the  one  dimensional  momen¬ 
tum  theory.  The  improvements  in  the  calculated  results  by  incorporating  the 
swirl  model  based  on  the  variable  induced  velocity  distribution  compares 
moderately  good  with  the  experiments. 

MECHANICAL /RADIATIVE  PERFORMANCE  OF  RENE’  kl  DURING  SIMULATED  SPACE  TRANSPORTA¬ 
TION  SYSTEM  REENTRY:  R.  K.  CLARK*  AND  G.  L.  WEBB  ,  NASA  LANGLEY  RESEARCH  CENTER, 
HAMPTON,  VA  AND  G.  A.  DRIES*,  KENTRON  TECHNICAL  CENTER,  HAMPTON,  VA.  Nickel- 
based  superalloys  have  been  the  focus  of  considerable  interest  for  heatshield 
applications  because  of  their  high  temperature  strength  and  their  oxidation 
resistance  and  because  of  their  potential  for  forming  high  emittance  oxides  on 
exposure  to  reentry  conditions.  Two  Rene'  kl  thermal /structural  panels  were 
fabricated  and  exposed  to  simulated  reentry  conditions  with  radiant  heating 
and  with  radiant  heating  and  aerothermal  heating  with  fatigue  loading.  Also, 
one-inch  disc  specimens  of  Rene'  Ll  were  exposed  to  simulated  reentry  for  up  to 
100  half-hour  cycles  in  the  Langley  Hypersonic  Materials  Environmental  Test 
System.  This  report  shows  residual  mechanical  properties  of  the  thermal/struc¬ 
tural  panels  based  on  tensile  coupons  from  the  panels.  It  also  presents  emit¬ 
tance,  surface  oxide,  and  microstructure  results  from  the  panels  and  the 
Hypersonic  Materials  Environmental  Test  System  specimens. 
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IMPROVEMENTS  IN  REYNOLDS  ANALOGY  FOR  NON-PLANAR  SURFACE  GEOMETRIES.  A.  Marqrethe 
Lindemann*,  Viscous  Flow  Branch,  Mail  Stop  163,  NASA  Langley  Res.  Ctr. ,  Hampton, 

VA  23665.  Tests  conducted  in  the  Langley  7"  x  11"  low-speed  wind  tunnel  have 
provided  direct  measurements  of  net  convective  heat  transfer  efficiencies/Reynolds 
Analogy  factors  (ratios  of  the  average  heat  transfer  to  the  average  drag,  or 
pumping  power)  for  15  surface  microgeometries  developed  in  the  Viscous  Flow 
Branch  as  turbulence  control  and  drag  reduction  concepts.  Measurements  indicate 
increases  in  Reynolds  Analogy  factors  significantly  above  the  flat  surface  values. 
In  contrast,  while  conventional  rough  surface  heat  transfer  does  increase,  the 
attendant  drag  increase  is  proportionately  greater,  and  the  corresponding  effi¬ 
ciency  factor  decreases  below  flat  plate.  Reynolds  Analogy/heat  transfer 
increases  are  especially  relevant  to  the  optimized  design  of  heat  exchangers: 
reduced  size,  cost,  and  weight. 

STALL  AND  DEPARTURE  PREDICTION  OF  CONVENTIONAL  AND  CANARD  CONFIGURED  AIR¬ 
CRAFT.  F.  H.  Lutze,  and  A.  Leung,  Dept,  of  Aerospace  and  Ocean  Engr., 

Virginia  Polytechnic  Inst,  and  State  Univ.,  Blacksburg,  Va.  24061.  A  non¬ 
linear  lifting  line  theory  which  uses  two-dimensional  lift  curve  slope  infor¬ 
mation  up  to,  through  and  beyond  stall  is  used  to  predict  the  dynamic  behavior 
of  an  aircraft  as  it  penetrates  the  stall  region.  The  aerodynamic  model  is 
coupled  with  the  equations  of  motion  of  the  vehicle  to  enable  numerical  simu¬ 
lation  of  the  motion.  The  technique  is  applied  to  a  conventional  and  canard 
configured  aircraft.  Simulation  for  both  oscillating  wind  tunnel  tests  and 
free  flight  are  carried  out  and  comparisons  made  with  actual  tests. 

NUMERICAL  GRID  GENERATION  APPLIED  TO  ROTATING  FLOWS.  Mark  J.  Ostrander,* 

Dept,  of  Nuclear  Engr.  and  Engr.  Physics,  Univ.  of  Va.,  Charlottesville, 

Va.,  22901,  R.  J.  Ribando,  Dept,  of  Mech.  and  Aero.  Engr.,  Univ.  of  Va., 

H,  G.  Wood,  Dept,  of  Mech.  and  Aero.  Engr.,  Univ.  of  Va.  Numerical  grid 
generation  is  a  method  for  generating  a  finite-difference  mesh  for  a 
region  of  arbitrary  boundary  shape.  The  method  used  here  is  to  obtain 
the  grid  by  the  solution  of  a  set  of  elliptic  partial  differential 
equations,  A  simple  heat  conduction  problem  is  solved  on  the  generated 
grid  using  several  ways  of  transforming  the  governing  equation.  Also 
considered  is  Stoke 's  flow  in  a  driven  cavity,  the  equations  being  solved 
in  terms  of  primitive  variables  in  a  manner  similar  to  the  SOLA  algorithm. 

Future  work  will  consider  the  flow  of  a  rotating,  incompressible  fluid  in 
an  enclosed  arbitrarily-shaped  axisymmetric  container.  (Supported  by 
Dept,  of  Energy  Contract  Number  DE-AC05-820R20900. ) 

LINEARIZED  POTENTIAL  FLOW  SOLUTION  FOR  AN  AIRFOIL  IN  NONUNIFORM  PARALLEL  STREAM. 

R.  K.  Prabhu* ,  Dept,  of  Mech.  Eng.  &  Mechanics,  Old  Dominion  Univ.,  Norfolk, 

Va.  23508,  C.  H.  Liu*,  NASA  Langley  Res.  Ctr.,  Hampton,  Va.  23665,  and  S.  N. 
Tiwari,  Dept,  of  Mech.  Eng.  &  Mechanics,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 
Small  disturbance  potential  flow  theory  is  applied  to  determine  the  pressure 
distribution  on  a  thin  airfoil  in  a  nonuniform  parallel  stream.  The  given 
stream  is  replaced  by  an  equivalent  stream  with  a  certain  number  of  surfaces  of 
velocity  discontinuity  and  the  influence  of  these  surfaces  is  obtained  by  the 
method  of  images.  Next,  this  method  is  extended  to  the  problem  of  an  airfoil  in 
a  nonuniform  stream  of  a  smooth  velocity  profile.  The  model  allows  potential 
perturbations  in  rotational  undisturbed  flow.  Results  are  compared  with  the 
numerical  solution  of  Euler  equations.  It  is  found  that,  although  approximate, 
this  method  provides  useful  information  about  the  interaction  problem  while 
avoiding  the  need  to  solve  the  Euler  equations.  (Supported  by  NASA/ODU  Research 
Foundation  Cooperative  Agreement  NCCl-65.) 
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SPANWISE  CURVATURE  EFFECT  ON  FLUTTER.  Josg  A.  Rivera*,  NASA  Langley  Research 
Center,  Hampton,  VA  23665.  An  experi mental /analyti cal  study  has  been  conducted 
to  determine  the  effect  of  spanwise  curvature  on  flutter.  A  series  of  rectangu¬ 
lar  planform  wings  of  aspect  ratio  1.5  and  curvature  ranging  from  zero  (flat)  to 
1.05  per  foot  was  flutter  tested  in  the  NASA  Langley  Transonic  Dynamics  Tunnel 
(TDT).  Flutter  analyses  were  conducted  for  correlation  with  the  experimental 
results  by  using  structural  finite  element  methods  and  planar  subsonic  lifting 
surface  theory.  Displacements  perpendicular  to  the  curved  surfaces  were  used  in 
calculating  the  unsteady  aerodynamic  loads  with  the  planar  theory.  Both  analyt¬ 
ical  and  experimental  results,  which  correlate  very  well,  show  that  flutter 
speed  increases  with  increasing  curvature. 

APPLICATIONS  OF  TRUE  ANOMALY  REGULARIZATION  IN  ORBITAL  MECHANICS.  Paul  U. 
Schumacher,  Jr.*,  Dept,  of  Aerospace  and  Ocean  Engineering,  Va.  Polytechnic  Inst, 
and  State  Univ.,  Blacksburg,  Va,  24061,  For  unperturbed  two-body  orbits  a  new 
universal  time-of-fl ight  equation  is  developed  using  the  true  anomaly  rather 
than  the  usual  eccentric  anomaly.  It  is  found  that,  for  all  non-recti  1  inear 
orbits  and  with  certain  restrictions  on  the  transfer  angle,  the  state  vector  can 
be  computed  from  rational  algebraic  expressions  and  the  time  can  be  computed  in 
rational  algebraic  terms  of  a  single  transcendental  function.  The  time  equation 
is  valid  for  all  non-recti  1  inear  orbits  when  the  transcendental  function  is  ex¬ 
pressed  as  an  infinite  continued  fraction.  New  universal  formulations  of  the 
Kepler  and  Lambert  problems  readily  follow.  The  corresponding  perturbed 
problems  also  acquire  very  succinct  forms  since  the  perturbing  forces  can  often 
be  expressed  in  finite  Fourier  series  in  the  true  anomaly. 

AIR  CONTAMINATION  OF  Ti -6A1 -2Sn-4Zr-2Mo  ALLOY:  R.  N.  Shenoy*,  Vigyan  Research 
Associates,  Inc.,  Hampton,  VA;  J.  Unnam,  Analytical  Services  &  Materials,  Inc., 
Tabb,  VA;  and  R.  K,  Clark*,  NASA  Langley  Research  Center,  Hampton,  VA.  With  a 
new  thermal  protection  system,  called  the  metallic  multiwall  design,  about  a 
quarter  of  the  shuttle  surface  area  may  be  covered  with  titanium.  Ti- 
6A1 -2Sn-4Zr-2Mo  alloy  is  a  prime  candidate  material,  and  oxygen  embrittlement 
is  the  main  consideration  in  its  potential  use  above  1000°F.  Air  contamination 
studies  have  therefore  been  carried  out  on  Ti-6-2-4-2  in  the  temperature  range 
of  1100-1400°F  so  as  to  model  the  oxidation  behavior  and  provide  the  designer 
with  important  information  about  the  upper  use  temperature  and  over-temperature 
capabilities.  Total  oxidation  kinetics  were  determined  by  thermogravimetric 
method,  oxide  thickness  was  estimated  by  microscopy,  and  oxygen  depth  profiles 
were  deduced  from  microhardness  measurements  on  the  specimen  cross-section. 

Based  on  these  data,  a  model  for  the  oxidation  of  Ti-6-2-4-2  is  proposed.  This 
research  is  sponsored  by  NASA  Langley  Research  Center. 

SOME  ASPECTS  OF  SOVIET  DESIGN  PHILOSOPHY.  M.  Leroy  Spearman,  NASA  Langley 
Research  Center,  Hampton,  VA  23665.  The  western  world  sometimes 
misinterprets  Soviet  capabilities  in  aerospace  vehicle  design  because  of  a 
lack  of  understanding  of  Soviet  design  philosophy.  Design  approaches  are 
sometimes  novel,  deceptively  simple,  and  always  practical.  The  reliance  on 
proven,  and  often  borrowed,  technology  should  not  be  mistaken  for  a  lack  of 
ability.  Some  design  applications  will  be  used  to  illustrate  the 
effectiveness  of  the  Soviet  approach. 
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OXIDATION  OF  TITANIUM  ALLOYS  UNDER  DIFFERENT  EXPOSURE  CONDITIONS:  J.  Unnam, 
Analytical  Services  &  Materials,  Inc.,  Tabb,  VA;  R.  N.  Shenoy*,  Vigyan  Research 
Associates,  Inc.,  Hampton,  VA;  and  R.  K.  Clark*,  NASA  Langley  Research  Center, 
Hampton,  VA.  Multiwall  is  a  new  thermal  protection  system  concept  which 
utilizes  foil  gage  materials.  Titanium  is  a  prime  candidate  material  for  peak 
temperatures  up  to  600°C,  and  oxygen  embrittlement  is  the  main  concern.  This 
paper  describes  the  results  of  a  broad  study  on  the  oxidation  kinetics  of 
different  titanium  alloys  subjected  to  varying  exposure  conditions.  The  alloys 
include  TiA55,  Ti-6A1-4V,  and  Ti -6A1 -2Sn-4Zr-2Mo,  in  sheet  and  foil  forms.  Air 
contamination  studies  were  performed  on  these  alloys  exposed  at  704°C  in  5-760 
torr  air  pressure  and  0-40%  relative  humidity.  The  resulting  weight  gains  are 
correlated  with  exposure  conditions,  alloy  microstructure,  and  contamination 
depths.  This  research  is  sponsored  by  NASA  Langley  Research  Center. 

RESEARCH  IN  AIRBORNE  ENERGY  MANAGEMENT  CONCEPTS.  Dan  D.  Vicroy*,  NASA  Langley 
Research  Center,  MS  156A,  Hampton,  VA  23665.  Rising  fuel  costs  combined  with 
other  economic  pressures  have  resulted  in  industry  requirements  for  more 
efficient  air  traffic  control  and  airborne  operations.  The  NASA  has  responded 
with  an  on-going  research  program  to  investigate  the  requirements  and  benefits 
of  using  new  airborne  guidance  and  pilot  procedures  that  are  compatible  with 
advanced  air  traffic  control  systems  and  that  will  result  in  more  fuel  efficient 
flight.  This  paper  summarizes  the  results  of  flight  testing  a  simple  airborne 
computer  algorithm  designed  to  provide  either  open-loop  or  closed-loop  guidance 
for  fuel  efficient  descents  while  satisfying  time  constraints  imposed  by  the  air 
traffic  control  system.  The  paper  will  also  describe  research  being  conducted 
on  the  use  of  an  advanced  on  board  vertical  path  optimization  algorithm  and  its 
operational  interface  and  guidance  requirements. 

COMPOSITION  DEPTH  PROFILES  FROM  X-RAY  DIFFRACTION:  K.  E.  Wiedemann*  and  J. 
Unnam,  Analytical  Services  &  Materials,  Inc.,  Tabb,  VTU  Although  the  construc¬ 
tion  of  composition  profiles  from  intensity  bands  is  an  important  and  a  very 
reliable  technique,  it  has  not  been  routinely  practical.  Such  is  not  the  case 
with  the  Intensity-Band-to-Composition-Prof i le-Transformation  proposed  here. 
Unlike  the  simulation  techniques  used  previously  that  required  hours  of  com¬ 
puter  time  and  complicated  optimization  routines,  this  method  utilizes  a  solu¬ 
tion  that  can  be  evaluated  even  with  a  hand-held  calculator.  Given  an  inten¬ 
sity  band,  this  technique  yields  a  composition-profile  provided  that  the  varia¬ 
tion  of  lattice  parameters,  linear  absorption  coefficient  and  reflectivity  with 
composition  are  known.  The  technique  is  applicable  to  thin  films  and  thick 
specimens.  A  de-convolution  scheme  including  corrections  for  the  instrumental 
broadening  and  a  Ka-doublet  is  discussed.  This  research  is  sponsored  by  NASA 
Langley  Research  Center. 

OXIDATION  KINETICS  FOR  COMMERCIAL  PURITY  TITANIUM:  K.  E.  Wiedemann*  and  J. 
Unnam,  Analytical  Services  &  Materials,  Inc.,  Tabb,  VA;  and  R.  K,  Clark*,  NASA 
Langley  Research  Center,  Hampton,  VA.  Titanium  specimens  of  commercial  purity 
were  exposed  at  1100  to  1400°F  to  laboratory  air  for  times  up  to  100  hours. 

The  oxide  thicknesses  were  determined  by  x-ray  diffraction  and  microscopy.  The 
extent  of  substrate  contamination  by  interstitial  oxygen  was  determined  by  a 
new  x-ray  diffraction  analysis.  This  analysis  utilizes  an  intensity-band-to- 
composition-profile-transformation.  The  oxygen  solid-solubility  at  the  oxide- 
metal  interface  and  its  variation  with  time  at  temperature  were  also  deter¬ 
mined.  The  oxygen  depth-profiles  obtained  from  the  x-ray  analysis  were 
analyzed  for  diffusion  coefficients.  Based  on  these  and  the  oxide-thicknesses, 
a  model  for  titanium-oxidation  is  proposed.  This  research  is  sponsored  by  NASA 
Langley  Research  Center. 
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ASYMPTOTIC  SOLUTIONS  OF  POTENTIAL  FLOWS  OVER  A  SLENDER  BODY  AND  A  THIN  AIRFOIL. 

T .  C .  Wong^'^ ,  Dept,  of  Mech.  Eng.  &  Mechanics,  Old  Dominion  Univ.,  Norfolk, 

Va.  23508,  C.  H.  Liu*,  NASA  Langley  Res.  Ctr.,  Hampton,  Va.  23665,  and  S.  N. 
Tiwari,  Dept,  of  Mech.  Eng.  &  Mechanics,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 
A  perturbation  analysis  method  is  presented  for  the  calculation  of  the  aero¬ 
dynamic  characteristics  of  potential  flow  past  a  slender  body  and  a  thin  air¬ 
foil.  The  method  is  based  on  the  superposition  of  potentials  of  point  sources 
and  vortices  distributed  inside  the  body.  The  strength  distribution  satisfies 
a  linear  integral  equation.  A  uniform  asymptotic  expansion  of  its  solution  is 
obtained  with  respect  to  the  slenderness  ratio,  by  modifying  and  adapting  the 
method  of  Handelsman  and  Keller  (1967) .  Calculations  are  compared  with  surface 
panel  method  and  some  analytical  solutions  for  a  number  of  cases.  (Supported 
by  NASA/ODU  Research  Foundation  Cooperative  Agreement  NCCl-65.) 
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A  High  Pressure  Plasma  Source  for  Pumping 
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Abstract 

Near  uv  emission  in  the  200-300nm  range  of 
hypocycl oi dal -pi nch  plasma  has  been  measured 
spectroscopically  and  applied  for  laser  excitation. 
Operation  at  super  atmospheric  fill-gas  pressures  of  argon 
significantly  elevates  the  uv  emission.  A  quadradic 
increase  of  the  iodine  laser  output  was  observed  as  the 
fill-gas  pressure  increased.  Successful  operation  of  the 
HOP  as  a  laser-pump  source  on  the  input-energy-density  and 
the  fill-gas  pressure  ranges  beyond  those  of  conventional 
flashlamps  was  thus  demonstrated. 

I ntroduct i on 

A  new  plasma  device  developed  by  Lee  et  al\  called  a 
hypo cycloidal  pinch  (HOP)  device  produces  intense  uv 
emission  and  makes  a  high-power  pumping  source  for  laser 
gain  media  having  absorption  bands  in  the  uv  region  with 
significant  advantages  over  a  flashlamp.  The  major 
advantages  of  the  HCP  device  as  a  light  source  over  the 
flashlamp  are:  1.  longer  useful  life  because  of  virtually 
no  explosion  limit  on  the  input  energy,  2.  faster  risetime 
because  of  lower  inductance  (a  few  nanohenry),  and  3. 
intense  emission  with  uv  rich  spectra  variable  by 
operational  conditions.  Detailed  description  of  these 
advantages  has  been  reported  elsewhere^. 

This  experiment  was  carried  out  to  find  the  optimum 
condition  of  the  HCP  for  pumping  an  atomic  iodine  laser  by 
a  spectroscopic  investigation  of  the  pump  band  (200-300nm). 
Subsequently,  an  atomic  iodine  laser  was  pumped  and  its 
output  dependence  on  the  input  energy  to  HCP  and  the 
fill-gas  pressure  of  argon  have  been  studied.  The  neajj;  uv 
band  studied  here  is  also  the  pump  band  of  a  solid  Tb"^ 
laser  for  which  a  high  power  broadband  pump  source  is  in 
demand. 

Figure  1  shows  the  schematic  diagram  of  the 
experimental  set-up  for  pumping  an  iodine  laser.  The 
experimental  set-up  consists  of  four  parts:  a  three-unit 
HCP  array  which  is  an  intense  uv  source;  an  electrical 
charging  system  which  provides  input  power  to  the  HCP;  a 
laser  cavity;  and  the  monitoring  system. 

A  single  unit  of  the  HCP  array  consists  of  three  disk 
electrodes  and  washer-shaped  insulators  between  them.  The 
an'ode  disk  is  shared  by  two  cathode  disks,  thus  forming  two 
active  chambers.  When  the  high  coulomb  transfer  switch  is 
closed,  breakdown  occurs  over  the  insulator  surface  located 
between  the  outer  edges  of  the  electrodes.  The  currents 
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Experimental  arrangement.  Mj^  and  M2  are  dielectric  mirrors.  Dj  and  D2  are  silicon 
photodectectors. 
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Fig.  2 

The  spectral  intensity  variation  of  HCP  plasma  emission  for  different  argon  fill  preS' 


sures. 
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Fig.  3 

The  microdensitometer  trace  of  the  spectrum  for  argon  at  1200  Torr  fill  pressure.  For 
the  calibration  of  wavelength  a  mercury  spectrum  was  used. 


are  produced  in  the  form  of  sheets  in  the  upper  and  lower 
chambers  and  are  launched  from  the  insulators.  The  current 
sheets  advance  radially  toward  the  center  hole  due  to  the 
JXB  force  acting  on  the  currents  where  B  is  the  magnetic 
induction  of  the  current  J.  The  advancing  current  sheets 
collapse  at  the  center  of  the  hole  and  produce  dense  plasma 
focuses  on  the  axis.  2^^®  details  of  the  device  are 
reported  elsewhere.  ’ 

Experiment  and  Results 

In  the  experiment  the  HCP  was  filled  with  the  working 
gas,  Ar  or  Xe,  and  was  energized  with  a  capacitor  bank 
which  had  a  total  capacitance  of  50mF  and  was  charged  up  to 
1  9kV  . 
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220  250  280  300  (nm) 

Fig.  4 

The  microdensitometer  trace  of  the  spectrum  for  argon  at  20  Torr  fill  pressure. 


The  laser  tube  was  made  of  suprasil  quartz  which  is 
transparent  to  near  uv  light  in  the  region  of  200  to  300nm, 
The  laser  tube  had  a  total  length  of  30cm  with  8mm  I.D. 

Both  ends  of  the  laser  tube  were  sealed  with  Brewster's 
angle  windows.  The  gain  length  of  the  laser  tube  inside  the 
HOP  chamber  was  20cm.  The  laser  cavity  mirror  M,  and 
were  positioned  60cm  apart  as  shown  in  Figure  1.  The 
output  mirror  Mp  had  a  2%  transmission.  Prior  to  laser 
excitation,  the^emission  spectrum  from  the  HOP  was  measured 
by  removing  the  two  mirrors  M,  and  Mp,  the  laser  detector 
and  the  Brewster's  angle  windows  at  the  end  of  the  laser 
tube  and  placing  a  small  mirror  M  for  light  deflection  at 
the  center  of  the  tube.  The  light  reflected  from  mirror  M 
was  analyzed  with  0.5m  McPherson  spectrometer  equipped  with 
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Kodak  101  film  or  a  RCA  1 P28  photomultiplier  tube.  When 
the  system  was  operated  for  laser  excitation,  the  laser 
output  was  measured  with  a  germanium  photodiode  detector 
whose  responsivity  at  the  wavelength  of  1.315  ym  was 
0.3A/W.  The  light  signal  from  HCP  was  monitored  with  a 
silicon  diffused  pin  photodiode.  The  HCP  device  was 
maintained  under  a  vacuum  with  a  pressure  less  than  1  x 
lO”  Torr  to  minimize  impurity  content  of  the  working  gas 
before  i t  was  f i 1 1 ed . 

The  emission  from  the  HCP  was  studied  as  a  function  of 
the  fill-gas  pressure  which  varied  from  0.2  to  1300  Torr. 
The  base_Bressure  of  the  iodine  laser  tube  was  kept  below 
2.5  X  lO”  Torr.  The  iodide  was  n-heptaf 1 uoropropy 1 
iodide  (n-CoFyl)  which  was  purchased  from  PCR  Chemical 
Corporat  i  on'^and  used  without  further  purification. 

Figure  2  shows  the  spectral  intensity  variations  of 
the  HCP  plasma  emission  recorded  on  Polaroid  type  57  film 
for  the  different  argon  filling  pressures.  The  emission 
spectrum  was  obtained  with  the  8.7kJ  input  energy  to  the 


ARGON  PRESSURE  CTORR) 


Fig,  5 

Relative  light  intensity  from  HCP  source  as  a  function  of  argon  fill  pressure.  O  is  for  the 
input  energy  8*7kJ  (or  applied  voltage  19kV)5  and  □  for  the  input  energy  6.9kJ  (or 
applied  voltage  1/kV). 
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HCP.  The  range  of  the  recorded  spectrum  was  from  204. 7nm 
through  341. 9nm.  For  the  purpose  of  wavelength  calibration 
the  mercury  spectrum  was  also  recorded  on  the  lower  portion 
of  the  film.  Note  that  as  the  argon  fill  pressure 
increases  the  intensity  of  the  continuous  emission  spectrum 
gradually  increases.  The  increasing  trend  seems  more 
conspicuous  toward  the  longer  wavelength  of  the  range. 

The  spectrum  was  also  recorded  on  Kodak  101  special 
negative  film  and  scanned  with  a  microdensitometer. 

Figures  3  and  4  show  the  results  of  the  microdensitometer 
traces  of  the  spectra  for  argon  pressures  of  1200  Torr  and 
20  Torr  respectively.  The  increase  in  the  uv  emission  for 
higher  pressure  is  evident  in  the  trace.  There  are  also 
dominant  lines  in  the  spectra  that  orginated  from  impurity 
elements.  These  lines  may  come  from  various  impurities 
such  as  oxygen  and  silicon  which  are  evaporated  from  the 
glass  insulator  during  the  surface  discharge,  and  copper 
and  zinc  which  are  evaporated  from  the  brass  electrodes. 
Almost  all  lines  other  than  argon  lines  could  be  identified 
with  the  impurities  of  oxygen,  silicon,  copper  and  zinc. 

Since  Polaroid  film  57  and  Kodak  film  -101  have 
wavelength  dependent  response  and  nonlinearity  with 
exposure,  it  was  difficult  to  compare  the  spectral 
intensities  of  the  emission.  Therefore,  using  a 
photomultiplier  tube,  RCA  1P28,  the  spectral  intensity 
measurements  at  a  fixed  wavelength  325. 5nm  were  made  as  a 
function  of  the  argon  fill  pressure  and  the  input  energy  to 
the  HCP. 

Figure  5  shows  the  light  intensity  from  the  HCP  source 
as  a  function  of  argon  gas  pressure  at  the  charging  voltage 
17kV  and  19kV.  It  has  been  observed  that  the  emission  from 
the  HCP  source  was  approximately  three  times  more  intense 
at  an  argon  fill  pressure  of  1200  Torr  than  at  20  Torr.  In 
the  figure  the  increase  of  light  intensity  is  by  a  factor 
of  3.4  for  the  applied  voltage  17kV  and  by  a  factor  of  2.7 
for  19kV. 

High  pressure  operation  of  the  HCP  source  is  possible 
because  the  initiation  of  breakdown  between  the  electrode 
is  caused  by  flashover  on  the  insulator  surfaces  instead  of 
gaseous  breakdown  as  in  the  conventional  flashlarnps.  It  is 
known  that  the  surface  flashover  voltage  is,  in  general,  a 
few  orders  of  magnitude  less  than  the  breakdown  voltage  of 
gases  at  atmospheric  pressure.  For  example  the  gaseous 
breakdown  voltage  required  for  the  2.5cm  parallel  gap  in 
argon  at  atmospheric  pressure  is  over  30kV,  while  flashover 
voltage  of  the  insulator  surfaces  between  the  electrode 
disks  in  the  HCP  device  is  less  than  1  kV,  This  is  one  of 
the  advantages  of  the  HCP  source  over  the  conventional 
flashlamp  for  which  high  trigger  voltage  is  required  for 
initiation  of  the  breakdown. 

High  pressure  operation  is  desirable  since  the  plasma 
emission  mechanisms  have  a  quadratic  dependence  on  the 
plasma  density  n.  or  n  .  However,  the  fill  pressure  of  the 
conventional  flalhlamp^is  limited  by  the  explosion  of  the 
quartz  envelope  (typically  IkJ/inch  input)  and  the  high 
voltage  available  for  the  trigger.  The  fill  pressure  of 
the  commercial  flashlarnps  are  typically  100  Torr  or  lower. 
For  the  HCP  device  used  the  input  energy  was  9  kJ  for  the 
20  cm  gain  length  in  the  chamber  or  9  kJ/8inchs  or  1,1 
kJ/inch  and  the  fill  pressure  was  over  1,000  Torr  or  10 
times  that  of  a  flashlamp.  Furthermore  the  metallic 
construction  of  the  HCP  device  seems  to  be  warranted  for 
much  higher  input  energy  and  fill  pressure.  Since 
application  of  high  input  energy  density  to  high  pressure 
gas  result  in  high  intensity  emission,  the  HCP  device  can 
be  used  for  intensity  range  beyond  that  of  the  conventional 
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f al shl amp  . 

Following  the  emission  study,  an  iodine 
photodissociation  laser  at  l.SlBum  was  pumped  with  the  HCP 
source.  Figure  7  shows  an  oscillogram  of  the  iodine  laser 
signal  (upper  trace)  which  was  measured  with  a  germanium 
photodiode  placed  behind  a  neutral  density  filter. 

Assuming  that  the  laser  beam  profile  has  a  Maxwellian 
distribution,  the  laser  output  (40  kW,  0.5J/pulse)  were 
obtained  from  the  measured  signal  in  the  oscillogram.  The 
measurement  of  the  laser  energy  is  made  by  the  numerical 
integration  A/p(t)dt,  where  p(t)  is  the  laser  power  pulse 
and  A  the  spot  size  of  the  beam.  The  laser  output  varied 
within  an  order  of  magnitude  depending  on  the  applied 
voltage  and  the  argon  fill  pressure  in  the  HCP.  As  Figure 
6  shows,  the  multiple  peaks  of  the  laser  pulses  appear 
simultaneously  with  the  uv  peaks  of  the  HCP  pump  source  due 
to  the  electrical  ringing  cycles  of  the  system. 

The  variation  of  the  peak  power  and  the  output  energy 
of  the  laser  were  measured  as  a  function  of  the  argon  fill 
pressure  of  the  HCP,  the  input  energy,  and  iodide  vapor 
pressure  in  the  laser  tube.  Figure  7  shows  the  laser 
output  energy  versus  argon  fill  pressure  which  was  varied 
from  0.2  to  1.7atm.  These  measurements  were  made  under  a 
constant  applied  voltage  19kV  (9  kj)  and  an  iodine  vapor 
pressure  of  50  Torr  in  the  laser  tube.  The  experimental 
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Fig.  6 

Oscilloscope  traces  of  the  iodine  laser  and  the  pumping  light  signal  with  the  HCP 
operated  at  19kV  (8.7  kJ),  1.7  atm  argon  fill  pressure,  and  50  Torr  iodide  vapor  pressure 
in  the  laser  tube. 
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ARGON  PRESSURE  CATM) 

Fig.  7 

The  variation  of  the  laser  output  energy  as  a  function  of  argon  fill  pressure.  The 
operating  conditions  were  an  input  energy  8.7kJ  (or  19k V),  and  the  iodide  vapor  pres¬ 
sure  at  50  Torr. 


results  indicate  that  the  output  energy  increases 
quadrati cal ly  as  the  argon  fill  pressure  increases.  This 
dependence  is  expected  from  the  quadratic  increase  of  the 
uv  emission  as  the  argon  fill  pressure  increase,  because 
emission  from  the  HCP  is  dominated  by  free-free  transitions 
which  depend  onn.2,  where  n.  is  the  plasma  ion  density, 
laser  peak  power  Showed  the  lame  dependence  on  the  argon 
fill  pressure. 

The  variation  of  the  laser  power  and  energy  as  a 
function  of  the  iodide  pressure  in  the  laser  tube  was  also 
measured  and  found  40  Torr  as  the  optimum  pressure.  Also 
the  variation  of  the  laser  peak  power  with  respect  to  the 
number  of  shots  with  a  single  fill  of  iodide  was  measured 
with  the  base  pressure  of  2.5  mTorr  and  5.0  mTorr.  The 
decreasing  rate  of  iodine  laser  efficiency  is  expected  to  be 
about  10%  when  the  lasant  consumption  is  taken  into  account. 
The  runs  with  the  base  pressure  of  2.5  mTorr  followed  the 
10%  decrease  curve  indicating  that  the  quenching  effect  of 
residual  air  (mainly  Op)  was  negligible.  However,  for  5 
mTorr  base  pressure  the  laser  peak  power  decreases  with  the 
higher  rate  of  20%  indicating  there  is  increased  quenching 
by  the  residual  air. 
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Summary 

A  hypocycl oi dal “pi nch  uv  source  has  been  investigated 
spectroscopically  and  applied  for  high  power  (>40  kW)  laser 
excitation.  High  pressure  operation  of  the  HCP  array  at  up 
to  1.7  atm  resulted  in  significant  increases  in  near  UV 
emission,  indicating  further  up-scaling  may  be  possible. 

The  input  energy  per  gain  length  used  here  for  the  HCP 
source  was  1.1  kJ/inch  significantly  higher  than  the  limit  of 
conventional  flashlamps  and  further  increase  of  the  input 
energy  seem  warranted  by  metallic  cont struct i on  of  the  HCP 
source , 
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ABSTRACT 


Effects  of  electrical  stimulation  on  broiled  beef  flavor  were  studied 
using  a  recently  developed  research  broiler  unit  (RBU) .  Within  one  hour  of 
exsanguination,  one  randomly  selected  side  from  each  of  five  beef  carcasses 
was  electrically  stimulated  (ES)  with  18  impulses  of  550  volts  over  a  30 
second  time  period.  Opposite  sides  served  as  controls  (NES) .  Steaks  from 
the  13th  rib  of  both  sides  were  cooked  in  the  RBU  and  evaluated  by  a  sensory 
panel.  During  cooking,  headspace  volatiles  and  drippings  were  collected, 
prepared  and  analyzed  by  GLC  for  fatty  acids  and  selected  aromatic  compounds. 
Subjective  scores  showed  panelists*  preference  of  ES  over  NES  for  flavor 
(P=.45),  aroma  (P=.13)  and  overall  acceptability  (P=.05).  Drippings  from 
broiled  ES  and  NES  steaks  were  not  different  in  fatty  acid  composition. 

But,  palmitoleate  content  of  volatiles  from  ES  steaks  was  significantly 
(P=.01)  higher  than  from  NES  steaks  while  stearate  content  was  lower  (P=.05). 
Finally,  the  RBU  system  for  evaluation  of  meat  quality  provided  both  objec¬ 
tive  and  subjective  data  to  more  completely  describe  and  define  beef  flavor. 

A  larger  study  like  that  reported  herein  is  needed  to  determine  the  practical 
and  statistical  significance  of  peak  differences  and  their  relationship  to 
beef  flavor. 


Introduction 


The  meat  industry  has  accepted  electrical  stimulation  (ES)  as  a  tech¬ 
nique  for  improving  the  eating  quality  of  meat  (Saveli,  1979).  Improved 
tenderness  has  been  cited  in  lamb  (Chrystall  and  Hagyard,  1976)  and  in  beef 
(Saveli  a]^. ,  1977,  1978b).  Also,  longer  retail  shelf  life  and  decreased 
thawing  losses  have  been  reported  (Saveli  ey  a^. ,  1978a, c;  Riley  et  al . , 
1980a, b) . 

Flavor,  a  particularly  influential  component  of  meat  quality,  was 
reported  improved  by  electrical  stimulation  (Davey  et  ,  1976;  Saveli, 

,  1978a, c).  But,  no  differences  were  found  between  flavor  scores  of 
ES  and  control  carcasses  by  several  others  (Gilbert  and  Davey,  1976; 

Gilbert  a]^. ,  1977;  Saveli  e£  a]^. ,  1977;  Salm  ^  ,  1981;  Schroeder 

al^. ,  1982;  and  Wood  and  Froelich,  1983).  Thus,  we  perceive  a  critical 
need  for  a  technique  to  resolve  the  disparity  among  reported  results. 

Both  subjective  and  objective  evaluations  of  the  flavor  of  ES  meat  would 
be  helpful . 
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A  new  apparatus  and  accompanying  technique  that  permit  both  sensory 
evaluations  and  gas  chromatographic  (GLC)  analyses  of  intact  meat  samples 
were  reported  by  Graham  ^  (1984)  .  Their  research  broiler  unit  (RBU) 

provided  constant  and  controlled  heating;  it  permitted  the  turning  of  a 
sample  without  interrupting  its  oven  environment;  and,  during  cooking,  it 
permitted  the  collection  of  both  drippings  and  volatiles  from  the  sample. 
Their  RBU  allowed  continuous  monitoring  of  aroma  and  color  changes  con¬ 
comitant  with  temperature  changes.  Also,  data  from  sensory  evaluations  of 
the  cooked  sample  could  be  related  to  corresponding  GLC  data  from  drippings 
and  volatiles.  Use  of  their  screening  technique  indicated  those  compounds 
(GLC  peaks)  that  needed  further  study. 

The  purpose  of  this  study  was  to  determine  the  effects  of  ES  on  the 
flavor  of  broiled  longissimus  beef  steaks. 


MATERIALS  AND  METHODS 
Sample  Collection  and  Treatments 


Five  Angus  steers  grading  good  to  choice  were  slaughtered  and  separated 
into  sides.  From  each  steer,  one  randomly  selected  side  was  treated  (ES) ; 
the  other  was  untreated  (NES)  and  served  as  a  control.  Within  one  hour  of 
exsanguination,  the  treated  side  was  electrically  stimulated  with  18  impulses 
of  550  volts  over  a  30  second  time  period.  Following  treatment,  both  sides 
were  aged  14  days  in  a  cooler  at  2°C,  Thereafter,  ribeye  steaks  from  the 
13th  rib  of  each  side  were  removed,  labeled,  vacuum  packaged  and  placed  in 
storage  10-14  days  at  -23°C. 

Cooking  and  Panel  Evaluation 


A  frozen  core  5 . 2  cm  diameter  by  2.2  cm  thick  was  taken  from  the  center 
of  each  ribeye  and  cooked  in  the  research  broiler  unit  (RBU)  according  to  a 
modified  procedure  of  Graham  £l_.  (1984).  Each  sample  was  cooked  for  12 
min.,  turned,  and  cooked  an  additional  10  min.  on  the  opposite  side.  During 
cooking,  purified  compressed  air  was  passed  through  the  RBU  to  drive  head- 
space  volatiles  into  a  condensing  vessel.  Afterward,  the  collected  volatiles 
and  corresponding  drippings  were  stored  at  -23°C  until  analyzed. 

After  cooking,  the  meat  sample  was  separated  into  subsamples  and  served 
to  seven  panelists  trained  in  methods  of  sensory  evaluation.  Working  inde¬ 
pendently,  each  panelist  assigned  a  score  for  flavor,  aroma  and  overall 
acceptability  using  a  five-point  scale  with  1  being  most  desirable  and  5 
least  desirable  (Larmond,  1979) . 

Chromatographic  Analyses  of  Volatiles  and  Drippings  for  Fatty  Acid  Profiles 

Samples  of  the  volatile  gases  collected  during  broiling  were  prepared 
for  GLC  analysis  by  placing  300  mg  of  sample  in  a  flask,  then  adding  4  ml 
5N  methanol ic  sodium  hydroxide,  5  ml  boron  trifloride  methanol  and  5  ml 
hexane.  The  drippings  were  prepared  similarly  except  150  mg  of  sample  was 
used. 


The  chromatographic  assay  was  performed  on  a  Bendix  2600  gas  chromato¬ 
graph  with  a  hydrogen  flame  detector.  The  helium  carrier  gas  flowed  through 
a  6.1m  X  2mm  (I.D.)  glass  column  to  give  a  profile  of  five  derivitized  fatty 
acids.  A  volatile  acid  standard  mix  from  Supelco,  Inc.  was  used  to  identify 
individual  peak  retention  times. 


Chromatographic  Analyses  of  Volatiles  and  Drip  for  a  Selected  Aromatic  Profile 


Volatile  and  drip  collections  were  extracted  by  the  addition  of  2ml 
diethyl  ether  to  1  ml  of  sample.  The  vial  was  immersed  in  a  cold  methanol 
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bath  to  freeze  the  water.  Ether  was  decanted  and  concentrated  to  a  volume  of 
.5  ml  under  pre-purified  nitrogen. 

A  4  ml  sample  was  injected  onto  a  15m  x  2mm  (I.D.)  glass  column  packed 
with  3%  SP  2100  on  100-120  mesh  Supelcoport.  A  nitrogen  carrier  gas  and 
hydrogen  flame  detector  were  used.  Peak  areas  of  six  profiles  common  to  all 
steaks  were  tabulated  and  compared. 


Statistical  Analysis 


The  statistical  method  of  least  squares  was  used  to  analyze  the  data 
(Snedecor  and  Cochran,  1967) . 


RESULTS  AND  DISCUSSION 


Least  squares  means  of  the  sensory  data  are  shown  in  Table  1.  Samples 
from  the  ES  treatment  had  a  slightly  more  desirable  flavor  (P=.45)  than  those 
not  stimulated.  Significantly  higher  flavor  scores  were  reported  for  ES  beef 
by  Saveli  ^  (1977,1978a).  Also,  Davey  e;t  (1976)  reported  higher 

desirability  scores  (P=.001)  for  unaged  ES  strip  loins  than  for  controls  but 
no  differences  were  noted  in  rump  and  topside  cuts.  In  addition,  they  found 
that  flavor  scores  of  strip  loins,  upon  aging,  did  not  differ.  Other  workers 
also  reported  no  differences  in  flavor  scores  of  meat  from  ES  carcasses 
(Gilbert  and  Davey,  1976;  Gilbert  ,  1977;  Saveli  ^  ,  1977;  Salm  ^ 

al . ,  1981;  Schroeder  e^  ^.  ,  1982;  Wood  and  Froehlich,  1983). 

Several  explanations  are  possible  for  the  disparity  among  results 
reported.  Perhaps  some  studies  failed  to  show  flavor  differences  because  of 
a  wide  range  among  scores  of  panel  members  performing  the  subjective  evalua¬ 
tions.  Also,  samples  served  to  panelists  may  have  come  from  an  anatomical 
site  or  sites  that  did  not  respond  to  ES.  Davey  et  al^.  (1976)  found  that 
rump  and  topside  cuts  from  the  beef  carcass  did  not  differ  in  flavor  desir¬ 
ability  scores  between  ES  and  controls.  But,  strip  loins  from  ES  beef  were 
higher  (P=0.001)  in  flavor  desirability  than  unstimulated  strip  loins. 

Powell  ^  (1984)  also  reported  that  the  longissimus  along  with  the  semi¬ 

membranosus  were  the  preferred  muscles  for  measuring  efficiency  of  ES. 

In  the  longissimus  muscle,  irregular  bands  of  denatured  sarcoplasmic 
proteins  are  deposited  on  surfaces  of  myofibrillar  proteins  one  hour  after 
electrical  stimulation.  But,  the  semitendinosus  muscle  does  not  show  these 
bands  developing  until  one  day  after  electrical  stimulation  (George  et  al . , 
1980) .  Small  molecular  weight  peptides  and  free  amino  acids  are  known  to 
contribute  to  meat  flavor  (Asghar  and  Henrickson,  1983) . 

Another  possible  explanation  for  failure  of  ES  to  produce  flavor 
differences  in  certain  studies  may  be  related  to  level  of  nutrition  of  the 
animals.  Muscles  from  underfed  lambs  had  a  relatively  slower  rate  of  gly¬ 
colysis  than  those  from  well-nourished  animals  (Asghar  and  Henrickson,  1983) . 
In  addition,  Bovard  et  a^.  (1982)  reported  differences  in  flavor  of  cooked 
beef  attributable  to  differences  in  nutritional  regimes  of  cattle. 

Sarcoplasmic  protein  deposits  and  nutritional  status  of  the  animals 
could  affect  the  aroma  of  ES  meat.  ES  samples  from  this  study  (Table  1) 
were  rated  more  desirable  (P=.13)  in  aroma  than  controls. 

Overall  acceptability  scores  were  significantly  higher  (P=.05)  for 
broiled  ES  steaks  than  for  NES  steaks  (Table  1) .  This  agrees  with  results 
of  Schroeder  £t  (1982)  .  They  found  higher  scores  for  overall  palatability 
of  ES  forage-finished  steers  (P=.01)  but  found  no  significant  differences  in 
flavor  or  juiciness  due  to  ES  within  either  feeding  regimen. 
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In  Table  2,  fatty  acid  composition  of  ES  and  NES  samples  from  volatiles 
and  drippings  collected  during  cooking  were  compared  for  five  fatty  acid 
peaks.  They  were  rayristate  (c-14:0),  palmitate  (c-16:0)j  palmitoleate  (c-16:l), 
stearate  (C“18:0),  and  oleate  (c-18:l).  No  statistically  significant  differ¬ 
ences  in  the  drippings  from  ES  and  NES  steaks  were  found.  But,  a  significant 
difference  (P=.01)  in  the  palmitoleate  content  of  ES  (3.2%)  and  NES  (0.0%) 
volatiles  was  observed.  Differences  in  certain  volatile  fatty  acids  may  be  of 
practical  importance  when  changes  in  concentration  are  significant.  Melton 
(1984)  found  a  positive  correlation  of  fatty  acids  12:0,  14:0,  14:1,  and  16:1 
with  the  flavor  of  beef  fat. 


Table  1.  Mean  values  for  sensory  properties  of  broiled  beef  steaks  with 
and  without  postmortem  electrical  stimulation. 


Sensory  Property 

ES®’= 

NES^^ 

C 

Prob.  Level 

Flavor 

2.54 

2.66 

.45 

Aroma 

2.46 

2.74 

.13 

Overall  acceptability 

2.62 

3.00 

.05 

^ES  =  electrically  stimulated;  NES  =  not  electrically  stimulated;  numeri¬ 
cal  ratings  such  that  1  denotes  most  desirable,  5  least  desirable. 


c 

Probability  of  a  type  I  error  under  the  null  hypothesis. 


Table  2.  Fatty  acid  composition  of  drippings  and  volatiles  from  broiled 
beef  steaks  with  and  without  postmortem  electrical  stimulation. 


Fatty  Acid 

Drippings 

Volatiles 

ES**'’ 

NES^’^ 

c 

Prob.  Level 

ES^'’ 

NES**” 

c 

Prob.  Level 

Myristate 

5.6 

6.2 

.88 

9.7 

11.1 

.92 

Palmi tate 

34.2 

36.7 

.25 

17.2 

22.3 

.62 

Palmitoleate 

4.2 

3.5 

.53 

3.2 

0 

.01 

Stearate 

15.3 

19.3 

.56 

12.1 

19.2 

.05 

Oleate 

40.6 

41.1 

.60 

51.5 

47.3 

.45 

^ES  =  electrically  stimulated;  NES  =  not  electrically  stimulated;  expressed  as 
percent  of  sample. 


Probability  of  a  type  I  error  under  the  null  hypothesis. 
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Table  3.  Relative  composition  o£  selected  aromatic  compounds  in  drippings 
and  volatiles  from  electrically  stimulated  and  control  beef 
steaks . 


Peak 

Drippings 

Volatiles 

NES®’^ 

c 

Prob.  Level 

ES^*’ 

NES®'" 

Q 

Prob.  Level 

1 

19.3 

30.9 

.15 

30.2 

27.9 

.93 

2 

29.9 

34.7 

.48 

24.4 

19.4 

.38 

3 

20.8 

19.9 

.76 

23.6 

24.3 

.72 

4 

23.5 

8.3 

.28 

13.6 

15.8 

.60 

5 

3.8 

4.5 

.74 

21.3 

6.9 

.51 

6 

2.5 

1.6 

.26 

2.5 

1.6 

.49 

^ES  =  electrically  stimulated;  NES  =  not  electrically  stimulated  expressed 
as  percent  of  sample. 


Q 

Probability  of  a  type  I  error  under  the  null  hypothesis. 


The  selective  aromatic  profiles  of  six  chromatographic  peaks  were  com¬ 
pared.  In  both  drip  and  volatile  collections,  large  differences  in  certain 
peak  percentages  were  seen  (Table  3)  approaching  but  lacking  statistical 
significance  at  the  P=.10  level.  The  drip  samples  showed  large  differences 
between  peaks  1  and  4;  the  volatile  samples  showed  differences  in  peaks  2 
and  5.  These  differences  were  large,  but  few  data  precluded  their  statisti¬ 
cal  significance.  Earlier,  Chen  (1981),  also  using  the  RBU,  found  a  signifi¬ 
cant  negative  association  of  flavor  with  one  sulfur-containing  peak  collected 
from  forage-fed  beef.  Thus,  a  similar  but  larger  experiment  is  needed  to 
determine  the  practical  and  statistical  significance  of  peak  differences  and 
their  relationship  to  beef  flavor. 

Results  from  this  study  and  others  using  the  RBU  provide  a  comprehen¬ 
sive  evaluation  of  beef  quality,  combining  both  objective  and  subjective  data. 
The  RBU  system  for  evaluation  of  meat  quality  was  useful  in  studying  the 
effects  of  ES  on  broiled  beef  flavor.  Specifically,  ES  affected  the  concen¬ 
trations  of  palmitoleate  and  stearate  in  the  volatiles  emanating  from  broiled 
beef.  Palmitoleate  has  been  positively  correlated  to  the  flavor  of  beef  fat 
(Melton,  1984) .  In  our  study,  concentrations  of  other  compounds  from  the 
volatiles  and  drippings  differed  between  ES  and  NES  samples. 
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ABSTRACT 


Science  education  leaders  and  specialists  in  Virginia  were 
surveyed  to  determine  what  they  perceived  to  be  the  major 
problems  in  science  education  and  what  they  thought  was  needed  to 
improve  science  education  in  the  state.  Two-thirds  of  those 
surveyed  responded  to  a  three-part  instrument.  Based  on  the 
results,  the  availability  of  effective  science  teachers  ranked  as 
the  major  problem  and  lack  of  support  for  science  education 
ranked  second.  Accordingly,  getting  and  retaining  better 
prepared  science  teachers  and  securing  more  of  various  types  of 
support  for  science  education  were  identified  as  possible 
solutions  to  those  problems. 

INTRODUCTION 

Reports  from  many  sources  have  emerged  during  recent  months 
concerning  the  inadequacy  of  science  education  in  the  U.S.  Many 
of  the  reports  have  provided  suggestions  and  recommendations  for 
upgrading  the  science  education  students  receive  in  the  schools. 
Hof stein  and  Yager  (1982)  stated  that  a  current  central  societal 
concern  is  "teaching  science  for  scientific  enlightenment."  They 
indicated  that  "the  knowledge  considered  to  be  important  is  that 
which  supposedly  will  be  useful  and  relevant  to  the  solution  of 
societal  problems."  Therefore,  they  suggested  using  societal 
issues  as  organizers  for  science  curricula  and  using  relevant 
issues  in  teaching  science  to  enhance  student  motivation  and 
learning. 

Bybee  and  Yager  (1982)  synthesized  the  results  of  six 
studies  on  professional  problems,  solutions,  and  new  directions 
in  science  education  in  an  attempt  to  identify  more  definitive 
and  valid  conclusions  about  needs  to  improve  science  education. 
Greater  financial  support  was  proposed  as  the  first  solution  for 
problems  facing  science  education.  Other  recommendations  for  the 
future  directions  of  science  education  related  to  defining  the 
discipline  or  area  of  study  and  its  goals,  increasing 
communications  among  professionals  within  science  education  and 
between  those  in  science  education  and  related  disciplines,  and 
implementing  mechanisms  for  constantly  assessing  and  improving 
the  profession. 


PURPOSE 

In  Virginia,  as  in  many  other  states,  there  is  a  need  to 
determine  what  changes  are  needed  in  science  education  and  how  to 
promote  the  needed  changes.  This  study  was  designed  to  determine 
what  science  education  leaders  and  specialists  in  Virginia  think 
are  the  most  critical  problems  and  needs  relative  to  improving 
science  education  in  the  state. 
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PROCEDURES 

A  survey  instrument  was  sent  to  forty-five  persons 
identified  as  science  education  leaders  (college  science 
educators^  state  and  local  supervisors,  specialists  and 
consultants)  in  Virginia.  The  Virginia  Educational  Directory; 
School  Year  1982-83  (Dept,  of  Ed.  1983)  and  a  list  of  persons  in 
the  Virginia  Science  Supervisors  Association  were  used  to 
identify  the  persons  surveyed.  Thirty  (30),  or  two-thirds,  of 
the  science  education  leaders  responded  to  the  survey. 

The  survey  instrument  contained  three  sections.  In  section 
I,  respondents  were  asked  to  rate  the  magnitude  of  each  of  a 
series  of  hypothetical  problems  as  being  (1)  not  a  problem,  (2)  a 
minor  problem,  (3)  a  significant  problem,  or  (4)  a  severe 
problem.  The  problems  were  defined  by  statements  about  science 
education  in  the  elementary  and  secondary  schools  of  Virginia. 

In  section  II,  respondents  were  asked  to  rate  need  statements 
concerning  science  education  in  Virginia  on  the  elementary  and 
secondary  school  levels.  The  response  scale  for  indicating  the 
perceived  severity  of  a  stated  need  was  (1)  not  needed,  (2)  low 
need,  (3)  moderate  need,  (4)  high  need,  and  (5)  critical  need. 

In  section  III,  respondents  were  asked  to  rank  order  sixteen 
statements  concerning  needed  directions  or  emphases  for  science 
education. 

The  original  items  included  in  the  three  sections  of  the 
instrument  (the  problems,  needs  and  directions  statements)  were 
developed  after  reviewing  the  recent  literature  on  the  current 
problems  and  needs  in  science  education.  The  instrument  was 
revised  after  receiving  responses  concerning  its  content  and 
clarity  from  three  persons  who  were  knowledgeable  in  science 
education  and  research.  In  each  section  of  the  final  instrument, 
respondents  were  provided  the  options  of  including  additional 
statements  they  thought  should  be  included  and  making  comments 
about  the  instrument  or  the  issues  included. 

RESULTS 

Table  1  contains  the  nineteen  problem  statements  included  in 
the  survey  instrument.  The  mean,  standard  deviation,  number  of 
respondents,  and  the  resulting  rank  based  on  the  means  of 
responses  to  all  nineteen  items  are  shown  for  each  statement  as 
it  relates  to  elementary  school  science  and  to  secondary  school 
science.  Several  respondents  indicated  that  item  9  may  be 
interpreted  as  containing  two  different  positions  or  concepts. 
Each  of  those  respondents  scratched  out  the  last  phrase  of  the 
item  and  responded  to  the  statement,  "Science  education  is  not 
properly  understood  by  the  public."  Therefore,  the  possibility 
exists  that  other  respondents  interpreted  the  item  differently. 

For  elementary  school  science,  high  priority  problems  were 
identified  as  inadequately  prepared  teachers,  insufficient  time 
and  attention  given  to  science  instruction,  and  science  is  not 
considered  basic  to  every  student's  education.  For  secondary 
school  science,  the  high  priority  problems  identified  were  the 
inability  to  get  or  retain  good  teachers  and  a  lack  of  community 
and  administrative  support  for  effective  science  education  for 
everyone.  Though  the  most  severe  problems  identified  for  the  two 
levels  were  similar,  in  some  cases  the  emphases  were  different. 
For  example,  the  most  severe  problem  identified  at  both  levels 
involved  teachers.  Inadequate  preparation  or  training  of 
teachers  was  the  emphasis  at  the  elementary  level  while  getting 
and  retaining  teachers  who  have  been  adequately  prepared  was  the 
emphasis  at  the  secondary  level.  Based  on  a  general 
interpretation,  the  second  most  pressing  problem  at  both  levels 
related  to  support  for  science  instruction. 

Table  2  contains  the  needs  statements  and  the  means, 
standard  deviations,  number  of  respondents,  and  ranks  based  on 
the  responses  to  the  statements.  The  science  educators* 
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responses  revealed  that  teachers  with  better  preparation  in 
science  content  and  with  better  preparation  in  methods  are  needed 
and  that  more  time  and  attention  need  to  be  given  to  science 
education  in  elementary  schools.  Teachers  with  better 
preparation  in  methods  of  teaching,  better  counseling  of  students 
concerning  the  value  of  a  science  education,  and  more  support  for 
science  education  for  everyone  were  the  most  highly  rated  needs 
for  secondary  school  science.  The  needs  identified  corresponded 
or  could  be  directly  associated  with  the  problems  identified  in 
the  earlier  section,  especially  if  the  counseling  of  students  is 
interpreted  as  administrative  support. 


Table  1:  Science  Educators’  Ratings  of  Problems 


E  1  ementa  ry 

Seconda  ry 

Prob 1 em 

Mean/SO/N/Rank 

.Mean/SD/N/Rank 

Statements 

2.93/0.78/30/10 

2.59/0.82/29/ 

9 

(1)  Lack  of  a  coherent  tneoretical  or 
philosophical  base  for  direction  and  practice 
in  science  instruction. 

3.17/0.70/30/  6 

3,10/0.66/30/ 

1 

(2)  The  inability  to  get  or  retain  good  or 
effective  teachers. 

2.27/0.91/30/14 

1.93/0.94/30/15 

(3)  Lack  of  good  and  effective  science 
instructional  materials  (texts  and 
supplementary  materials). 

3.03/0.86/29/  8 

2.23/0.73/30/13 

(4)  Insufficient  science  and  laboratory 
equ i pment . 

2.17/0.83/30/16 

1.70/0.65/30/16 

(5)  Not  enough  effective  audio-visual  materials 
and  equipment. 

3.33/0.84/30/5 

2.90/0.88/30/ 

2 

(6)  Lack  of  support  and  demand  from  the 
community  and  school  administrators  for 
effective  science  education  programs. 

3.80/0.41/30  1 

2.73/0.83/30/ 

6 

(7)  Teachers  are  not  adequately  prepared  to 
teach  science. 

2.26/1 .06/27/15 

2.00/0.90/28/14 

(8)  No  strong  leadership  for  science 
education  in  the  state. 

3.04/1.04/28/7 

2.83/0.95/30/ 

4 

(9)  Science  education  is  not  properly 
understood  by  the  public  and  has  a  poor 
image. 

3.67/0.66/30/  2 

2,70/1 . 12/30/ 

7 

(10)  Not  enough  time  and  attention  is  given  to 
science  in  the  curriculum. 

3.57/0.73/30/  3 

2.73/1.01/30/ 

6 

(11)  Science  is  not  considered  to  be  a  basic 
or  essential  part  of  every  student's 
education. 

3.43/0.77/30/  4 

2.67/1.09/30/ 

8 

(12)  Too  much  emphasis  on  the  "basics"  to  the 
exclusion  of  science. 

2.97/0.85/30/  9 

2.87/0.82/30/ 

3 

(13)  Science  is  viewed  as  a  discipline  for  the 
bright  or  scientifically  inclined. 

2.90/0.90/29/11 

2,75/0.93/28/ 

5 

(14)  Too  few  models  or  examples  of  effective  and 
enduring  science  programs  exist. 

2.66/0,86/29/12 

2.59/0.91/29/ 

9 

(15)  No  standards  by  which  to  judge  effective 
science  instruction  and  its  outcomes. 

1.87/0.68/30/17 

2.59/0.78/29/ 

9 

(16)  Students  are  not  willing  to  work  hard  to  get 
the  most  out  of  science  experiences. 

1.79/0.62/29/18 

2.24/0.91/29/12 

(17)  A  lack  of  discipline  among  students  to  allow 
teachers  to  concentrate  on  providing  quality 
instruction. 

2.41/0.98/29/13 

2.43/1.07/30/10 

(18)  Rigid  or  inappropriate  science  courses  or 
content  offerings. 

2.97/0.72/30/  9 

2.27/0.83/30/11 

(19)  Facilities  and  space  fo  r  teach  i  ng  sc i ence  a  re 
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Table  2:  Science  Educators'  Ratings  of  Needs 


E 1 ementa  ry 

Seconda  ry 

Needs 

Mean/SD/N/Rank 

Mean/SD/N/Rank 

Sta  tements 

4/30/0.88/30/  3 

3.14/1.33/29/13 

(1)  More  time  in  the  school  day  and  year  for 
science  instruction. 

3.97/0.93/30/  8 

4.00/1 . 10/29/  4 

(2)  Strategies  and  practices  to  relate  the  value 
of  science  education  for  everyone. 

3.52/0.87/29/15 

3.44/0.97/27/10 

(3)  Development  and  articulation  of  sound 
theoretical,  philosophical,  and  research 
positions  and  directions  in  science  education. 

2.93/1 . 14/27/18 

2.78/1 .09/27/15 

(4)  Stronger  leadership  at  the  state  level. 

3.55/0.98/29/14 

3.43/0.92/28/1 1 

(5)  Stronger  leadership  from  colleges  and 
universities  in  the  state. 

3.30/0.99/30/16 

3.38/0.90/29/12 

(6)  Stronger  leadership  and  input  from  science 
education  related  professional  organizations 
within  the  state. 

4.63/0.56/30/  1 

3.86/0.95/29/  6 

(7)  Teachers  with  better  preparation  in  science 
content. 

4. 17/0.91/30/5 

3.97/0.94/29/  5 

(8)  Make  science  study  more  enjoyable 
for  students. 

4.60/0.62/30/2 

4.28/0.88/29/  1 

(9)  Better  preparation  in  methods  of  teaching  foi 
science  teachers. 

2.97/1 .16/30/17 

2.79/1 .26/29/14 

(10)  More  and/or  better  science  instructional 
materials  (texts  and  other  printed  materials). 

3.30/0.98/30/  9 

3. 14/0.95/29/13 

(11)  More  and/or  better  science  laboratory  and 
teaching  equipment. 

3.60/1 .00/30/12 

3. 14/1 .16/29/13 

(12)  Better  or  more  adequate  classrooms, 
laboratory  facilities,  and  space  for  science 
i  nst  ruct i on . 

2.13/1.07/30/20 

2.59/1.38/29/16 

(13)  Eliminate  all  serious  discipline  problems 
from  science  classrooms. 

2.60/1 .00/30/19 

2.38/0.86/29/17 

(14)  Better  and/or  more  accessible  audio-visual 
materials  and/or  equipment  for  science 
i nst ruct i on . 

4.10/0.92/30/  6 

4.07/1.00/29/  3 

(15)  More  financial  aid  for  science  education. 

3.30/1 .05/30/16 

3.97/1.05/29/  5 

(16)  More  courses  and  flexibility  in  science  _ 
programs  to  accommodate  the  varied  needs  and 
interests  of  students. 

4.07/0.94/30/  7 

4.00/1 . 10/29/  4 

(17)  A  change  in  public  perceptions  of  science 
and  science  education. 

3.66/1.01/29/11 

3.75/0.93/28/  7 

(18)  Better  means  by  which  to  judge  effective 
science  instruction. 

3.59/1 .18/29/13 

3.71/1 .05/28/  8 

(19)  Identify  and  reward  examples  of  effective 
instruction  in  science. 

4.27/0.78/30/  4 

4.07/1.07/29/  3 

(20)  More  support  for  quality  science 
instruction  from  school  administrators  and 
the  community. 

3.67/1 .21/30/10 

4. 14/0.69/29/  2 

(21)  Better  counseling  of  students  concerning 
the  value  of  an  in-depth  and  quality  science 
educa  t  i  on . 
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Table  3:  Science  Educators  Ranking  of  Needed  Directions 


Statements 


Mean/N/Ranking 

5.33/27/  4 

7.57/28/10 

9.96/24/13 

6.54/26/  7 

3.87/26/  2 

12.59/22/16 


Directions  or  Emphases  --  More  emphasis  on: 


Science  as  it  relates  to  societal  issues  or 
as  it  interfaces  with  other  aspects  of 
society . 

Involvement  in  science  as  a  way  to 
enrich  the  quality  of  life. 

New  discoveries  and  their  impact  on  life  and 
society . 

Broad  science  concepts  as  central  themes  or 
understandings  around  which  to  fit  or  organize 
the  many,  many  facts  and  ideas  one  might 
encounter. 

Science  concepts  and  skills  as  basics  for 
functioning  successfully  in  everyday  life. 

Involvement  in  science  activities  as  leisure 
time  endeavors. 


3.55/27/  1 

6.72/25/  8 

5.80/25/  5 

10.43/23/14 

10.52/25/15 


Science  education  as  an  essential  in  an 
increasingly  scientific  and  technological 
world . 

Science  and  technology  as  providing  the 
means  to  insure  our  continued  existence  as 
humans . 

Science  as  it  relates  to  environmental 
quality. 

Science  as  it  relates  to  understanding 
humans  ana  the  values  they  hold. 

The  important  or  basic  facts  and  products 
of  science. 


9.77/26/12 

6.36/28/  6 

8.63/27/11 
5.32/25/  3 


6.92/26/  9 


Science  as  an  applied  area  and  its 
relationship  to  technology. 

Science  as  it  relates  to  the  students 
immediate  environment. 

Science  as  it  relates  to  careers  in  science 
and  related  fields. 

First-hand  involvement  of  students  in 
science  through  activities  and  experiments 
similar  to  those  participated  in  by  scientists. 

Differentiation  of  instruction  in  science 
for  students  based  on  the  students'  abilities, 
interests, .  goals,  etc. 


The  statements  of  needed  emphasis  or  direction  for  science 
education  in  section  III  of  the  survey  instrument  are  included  in 
Table  3.  The  means,  number  of  respondents  and  rankings  for  the 
statements  are  also  included.  More  emphasis  on  science  education 
as  an  essential  in  an  increasingly  scientific  and  technological 
world  received  the  highest  ranking.  Second  in  rank  was  more 
emphasis  on  science  concepts  and  skills  as  basics  for  functioning 
successfully  in  everyday  life,  followed  by  more  emphasis  on 
firsthand  involvement  of  students  in  science  through  activities 
and  experiments  similar  to  those  participated  in  by  scientists 
and  more  emphasis  on  science  as  it  relates  to  societal  issues  or 
as  it  interfaces  with  other  aspects  of  society.  The  next  highest 
ranked  statements  related  to  more  emphasis  on  science  as  it 
relates  to  environmental  quality  and  students'  immediate 
environment.  Several  respondents  added  statements  of  needed 
emphases  to  the  list  of  items  and  several  commented  that  some  of 
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the  statements  in  the  list  could  be  combined  or  included  under  a 
single  emphasis  category.  Several  respondents  also  revealed  some 
points  of  possible  misinterpretation  among  the  items.  However, 
there  were  no  areas  of  agreement  among  the  added  statements  of 
respondents  to  warrant  reporting  them  here. 

CONCLUSIONS  AND  DISCUSSION 

The  survey  results  can  provide  direction  for  those 
establishing  priorities  for  the  improvement  of  science  education 
in  Virginia.  The  similarities  between  the  rank  order  of  the 
problems  identified  and  the  rank  order  of  related  needs  provided 
evidence  of  the  reliability  of  the  rankings  for  the  respondent 
group . 

According  to  the  science  educators,  the  major  problem  in 
science  education  in  Virginia  concerns  the  availability  of 
effective  science  teachers.  For  the  elementary  school  level,  the 
teachers  are  inadequately  prepared.  At  the  secondary  level, 
effective  teachers  are  difficult  to  acquire  or  retain. 

Naturally,  the  solution  to  this  problem  emerged  as  providing 
better  preparation  for  science  teachers.  At  the  secondary  level, 
identifying  effective  science  teachers  and  enticing  them  to 
remain  in  the  profession  is  also  an  implied  solution,  but  it  was 
not  provided  as  a  specific  choice  for  respondents. 

The  second  most  critical  problem  identified  by  the  survey 
involves  a  lack  of  time,  attention  and  support  given  to  science 
education  in  the  schools.  Science  is  not  considered  to  be  a 
basic  need  in  the  education  of  all  students.  The  amount  of  time 
provided  for  science  in  the  school  day  of  the  elementary  student 
is  inadequate  and  at  the  secondary  level,  science  is  viewed  and 
supported  as  a  discipline  for  the  bright  or  scientifically 
inclined  student.  To  change  the  situations,  the  following  needs 
were  identified: 

1.  More  time  in  the  school  day  and  year  for  elementary 
science  instruction. 

2.  More  support  for  quality  science  instruction  from 
school  administrators  and  the  community, 

3.  Better  counseling  of  students  at  the  secondary 
level  concerning  the  value  of  a  good  science 
education. 

4.  More  financial  aid  for  science  education. 

5.  A  change  in  public  perceptions  of  science  and 
science  education. 

6.  Strategies  and  practices  to  relate  the  value  of 
science  education  for  everyone. 

7.  More  courses  and  flexibility  in  science  programs  to 
accommodate  the  varied  needs  and  interests  of 
students  at  the  secondary  school  level. 

Grouping  the  specific  items,  problems  related  to  having 
adequate  instructional  materials  and  facilities  were  third  in 
order  of  magnitude  or  severity  for  elementary  school  science 
while  having  clear  and  identifiable  theoretical  bases  and  working 
models  of  effective  science  programs  were  third  for  secondary 
science.  The  theoretical  bases  and  working  models  of  effective 
science  programs  was  fourth  for  elementary  science  while  student 
attitudes  and  discipline  problems,  together  with  providing 
appropriate  courses  for  all  students,  was  fourth  for  secondary 
science.  Problems  related  to  student  attitudes  and  discipline 
were  rated  fifth  or  last  among  the  problems  identified  as 
affecting  elementary  school  science  and  problems  related  to 
instructional  materials  and  facilities  were  rated  below  others 
included  for  secondary  school  science. 

Basically,  the  survey  results  did  not  indicate  any  major 
differences  in  the  perceived  needed  emphases  for  science 
education  in  Virginia  and  the  perceived  needed  emphases  or 


SCIENCE  EDUCATION  IN  VIRGINIA 


191 


directions  for  science  programs  nationally  as  identified  by  Bybee 
and  Yager  (1982).  The  order  of  the  desired  emphases  emerged  as 
(1)  science  is  essential  for  functioning  in  today's  world,  (2) 
directly  or  actively  involving  students  in  the  study  of  science, 
(3)  relating  science,  as  it  interfaces  with  societal  issues,  (4) 
relating  science  to  environmental  concerns  and  (5)  relating  the 
relevancy  of  science.  Some  of  these  emphases  (statements)  may  be 
considered  more  pedagogically  related  than  content  related  or 
vice  versa.  However,  each  related  action  can  conceivably  affect 
the  science  instruction  students  receive.  Also,  when  regarded 
collectively  the  specific  emphases  statements  identified  can  be 
generally  interpreted  as  involving  three  areas:  (1)  the  nature 

of  science  as  a  human  endeavor,  (2)  the  nature  of  society,  and 
(3)  the  characteristics  and  interests  of  students.  There  appears 
to  be  some  consensus  of  opinion  on  the  need  to  emphasize  the 
interaction  of  those  three  areas. 

Science  education  leaders  in  Virginia  perceived,  as  others 
nationally,  that  strong  support  and  effort  is  needed  to  develop 
quality  science  education  programs.  From  his  analysis  and 
synthesis  of  a  variety  of  reports  and  documents,  Paul  Dehart  Hurd 
(1983)  concluded  that  to  achieve  the  level  of  science  education 
needed  to  foster  human  and  national  well-being,  we  will  need  the 
cooperative  efforts  of  "parents,  scientists,  engineers, 
government  officials,  school  administrators,  media  specialists, 
and  experts  in  the  social  sciences,  and  all  others  with  a 
positive  vision  of  America's  future." 

The  survey  results  can  also  be  used  to  support  the 
contention  that  the  teacher  adequacy  and  availability  problems 
can  be  solved  and  should  be  addressed  immediately.  This  is  not 
to  suggest  that  more  information  is  not  needed  to  solve  the 
problems,  but  that  long-term  commitment  and  support  within  and 
external  to  the  educational  community  appear  to  be  the  critically 
needed  ingredients. 
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ABSTRACT 

Populations  of  Rhinocyllus  conicus  Froelich  field-collected 
from  Carduus  thoermeri  Weinmann  (musk  thistle)  and  from  Carduus 
acanthoides  L.  (plumeless  thistle)  were  examined  for  differences 
in  biological  characteristics.  Distinct  differences  were 
observed  in  oviposi ti onal  pattern  and  mortality  rate  of 
ovipositing  females.  Peak  oviposition  on  plumeless  thistle  was 
delayed  by  ca.  2  wk  and  females  survived  for  a  significantly 
longer  period  of  time  than  those  weevils  maintained  on  musk 
thistle.  The  delayed  oviposition  suggests  a  possible  adaptation 
of  R.  conicus  to  C.  acanthoides  although  differences  in  fecundity 
and  fertility  of  the  weevils  from  the  two  thistle  species  were 
not  significant. 


INTRODUCTION 

Rhinocyllus  conicus  Froelich  was  introduced  from  France  into 
Virginia  for  the  biological  control  of  two  thistle  species, 
Carduus  thoermeri  Weinmann  (musk  thistle)  and  C.  acanthoides  L. 
(plumeless  thistle).  Kok  and  Surles  (1975)  documented  the 
successful  control  of  musk  thistle  by  this  weevil,  but  the  same 
impact  was  not  found  on  plumeless  thistle.  This  has  been 

attributed  to:  1)  better  synchronization  of  the  oviposi tional 

period  of  the  weevil  with  the  phenology  of  musk  thistle  (Surles 
et  al.  1974),  and  2)  an  oviposi tional  preference  for  musk  thistle 
(Surles  and  Kok  1977)  over  that  of  plumeless  thistle.  Subsequent 
field  evaluations  of  the  impact  of  R.  conicus  on  C.  acanthoides 
(Kok  -  unpublished)  have  suggested  that  the  weevil  may  be 
becoming  betrer  adapted  to  plumeless  thistle  in  Virginia. 
Laboratory  studies  were  conducted  to  evaluate  this  possibility  by 
examining  certain  biological  characteristics  of  weevils  from 
field  populations  which  were  well  established  on  the  two  thistle 
species . 

MATERIALS  AND  METHODS 

Musk  and  plumeless  thistles  were  grown  from  seed  in  the 
greenhouse  in  June  1979.  Plants  were  transferred  outdoors  in 
September  to  overwinter;  at  this  time  the  average  diameter  of  the 


1.  Coleoptera:  Currculionidae. 

2.  Present  address:  Deptartment  of  Entomology,  University  of  California  at  Riverside,  Riverside, 
California  92521.  Address  correspondence  to  L.  T.  Kok. 
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rosettes  was  25-30  cm.  As  stem  elongation  (bolting)  occurs  after 
the  vernalized  plants  are  returned  to  warmer  temperatures,  50 
plants  of  each  species  were  brought  back  to  the  greenhouse  the 
first  week  of  March  1980  to  induce  simultaneous  bolting  of  both 
thistle  species.  This  was  repeated  every  2  wk  through  May  to 
provide  plant  material  throughout  the  oviposi tional  period  of  the 
weevils . 

Two  populations  of  R.  conicus  adults  were  field  collected; 
one  from  musk  and  the  other  from  plumeless  thistle  sites  which 
were  about  40  miles  apart,  but  had  similar  environmental 
conditions.  Each  site  contained  only  one  thistle  species  and  had 
been  infested  by  R.  conicus  for  at  least  3  years.  Weevils  from 
each  site  were  sexed,  weighed  and  measured  (length).  Collections 
were  made  on  May  1,  1980,  when  the  weevils  first  showed  signs  of 

activity.  Weevils  selected  at  random  were  paired  (<^/9)  on  single 
plants  of  the  original  host  species  grown  in  the  greenhouse  with 
heads  suitable  for  oviposition  and  replicated  10  times.  Adult 
weevils  were  confined  in  cloth  bags  to  one  head  for  musk  thistle 
and  2-4  heads  for  plumeless  thistle.  This  was  done  to  compensate 
for  the  disparity  in  size  of  the  heads  (musk  thistle  heads  are 
much  larger  than  plumeless  thistle  heads),  thus  allowing  similar 
surface  area  for oviposition .  The  plants  were  maintained  at  21.1° 
±  1°C,  and  a  14h  photophase. 

Eggs  were  removed  from  the  heads  twice  weekly  during  the 
lifetimes  of  the  adult  females  and  placed  on  moistened  filter 
paper  in  small  plastic  containers  (4.1  cm  diam.  x  2  cm  deep). 
Fecundity  (number  of  eggs/female)  and  egg  fertility  (per  cent 
viability)  were  recorded.  The  condition  of  the  plants  and 
weevils  was  noted  at  the  time  of  egg  removal.  Fresh  plants  were 
provided  weekly  and  adult  female  mortality  was  recorded.  New 
males  were  added  if  the  original  males  died.  Analysis  of 
variance  and  Student's  T-Test  were  performed  to  determine 
significant  differences  between  weights,  lengths,  fecundity, 
fertility  and  mortality  of  the  weevils  from  musk  and  plumeless 
thi sties . 

RESULTS  AND  DISCUSSION 

The  sex  ratio  of  200  weevils  collected  from  musk  and 
plumeless  thistle  sites  was  48%  female  (musk),  47%  female 
(plumeless).  Lengths  and  weights  of  weevils  from  both  thistle 
sites  did  not  differ  significantly  (P  >  .05)  (Table  1).  No 

significant  differences  were  found  in  the  fecundity  and  fertility 
of  the  weevils,  but  distinct  differences  were  recorded  for  peak 
oviposition  (Fig.  1)  and  mortality  (Table  1;  Fig.  2)  during  the 
egg  laying  periods  of  females  from  musk  and  plumeless  thistles. 
Peak  oviposition  of  the  females  collected  from  and  maintained  on 
plumeless  thistles  was  delayed  by  ca.  2  wk  when  compared  to  those 
from  musk  thistle.  The  delay  in  oviposition  enabled  the  weevils 
to  become  better  synchronized  with  the  peak  flowering  period  of 
the  plumeless  thistle  (Fig.  1)'.  Mean  life-span  of  the  females 
was  17.8  days  longer  on  plumeless  thistle  (68.8  days)  than  on 
musk  thistle  (51  days).  Since  most  of  the  females  die  soon  after 
completion  of  oviposition,  the  longer  life-span  confirms  the 
shift  in  oviposi tional  pattern  observed  among  weevils  raised  on 
plumeless  thistles.  The  delayed  oviposition,  however,  was 
correlated  with  lower  egg  production  on  plumeless  thistle  (112.3/9 
)  as  compared  to  egg  production  on  musk  thistle  (175.8/9  ) 
although  differences  were  not  significant  at  the  0.05%  level 
(Table  1). 

Field  surveys  of  R.  conicus  soon  after  the  initial  releases 
in  1969  indicated  better  establishment  and  greater  impact  on  musk 
thistle  than  on  plumeless  thistle  (Surles  et  al.  1974).  The 
weevils  destroyed  the  terminal  and  early  lateral  heads  of 
plumeless  thistle,  but  were  ineffective  in  damaging  the  lateral 
heads  that  bloomed  after  the  weevils  had  completed  oviposition. 
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Fig.  1  Dates 

Egg  production  of  Rhinocyllus  conicus  females  confined  to  heads  of  Carduus  thoermeri 
(musk  thistle)  and  C.  acanthoides. 


Fig  2  Dates 

Mortality  of  Rhinocyllus  conicus  females  conflned  to  heads  of  Carduus  thoermeri  and  C. 
acanthoides. 
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Despite  the  apparent  ineffectiveness  of  R.  conicus  in  controlling 
plumeless  thistles  initially,  subsequent  annual  surveys  by  Kok 
(unpublished)  revealed  a  steady  increase  in  weevil  population 
accompanied  by  a  gradual  reduction  in  thistle  density  at  many  of 
the  plumeless  thistle  sites.  Though  less  dramatic  than  the 
population  changes  in  musk  thistle,  the  impact  of  R.  conicus  on 
plumeless  thistles  has  been  increasing,  possibly  due  to  improved 
synchronization  between  the  weevil  and  plumeless  thistle.  Our 
current  studies  indicate  that  R.  conicus  females  have  adapted  to 
the  later  blooming  of  plumeless  thistle  by  having  a  delayed 
oviposi tional  period  (Fig.  1)  and  a  significantly  longer  lifespan 
(Fig.  2).  This  suggests  that  R.  conicus  is  adapting  to  C. 
acanthoides  and  has  the  potential  to  suppress  it. 
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ABSTRACT 

Herein  we  list,  illustrate,  and  cite  selected  ecological  facts  for  38 
freshwater  algal  taxa  belonging  to  8  classes  which  have  been  rarely  reported 
from  within  or  near  the  Appalachian  Mountains  in  eastern  North  America.  Of 
the  numerous  possible  reasons  examined  which  might  explain  the  apparent 
rarity  of  biota  within  a  geographic  area,  six  appear  to  explain  the  38  rarely 
reported  algae  in  our  list: 

(1)  Twelve  taxa  occur  in  low  biomass  or  as  incidental  members  of  the 
community,  and  are  often  overlooked; 

(2)  Six  are  tiny  epiphytes,  also  often  overlooked; 

(3)  Twelve  occur  only  in  cold  waters  infrequently  sampled; 

(4)  Twenty-four  are  seasonal  and,  thus  also  infrequently  collected; 

(5)  Nine  are  quite  exacting  in  their  environmental  preferences,  and  only 
these  may  be  truly  rare; 

(6)  All  38  are  influenced  by  the  distribution  of  collectors  and  collections 
through  time  and  space. 


INTRODUCTION 

Whitford  (1968)  makes  clear  that  the  history  of  North  American 
freshwater  phycology  has  been  quite  short  relative  to  that  of  Europe. 
Following  the  appearance  of  the  first  publication  on  algae  of  this  continent, 
namely  on  freshwater  algae  of  the  Catskill  Mountains  ( J .  W.  Bailey,  1841), 
knowledge  of  the  algae  of  the  Appalachians  expanded  relatively  slowly  for 
many  years.  This  vast  region  comprises  the  "...mountain  system  of  E  North 
America,  extending  in  a  broad  belt  c.  1600  mi  (2570  km)  SW  from  the  St. 
Lawrence  valley  in  Quebec  prov.  Canada,  to  the  Gulf  coastal  plain  in  Alabama 
( H  3  r  ni  s 

Levey,  1975).  Notable  among  the  earlier  contributors  to  the  algal 
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flora  of  this  region  were  Dr.  Horatio  Wood,  a  Philadelphia  physician,  who 
published  extensively  in  the  1870’s;  the  Rev.  Francis  Wolle  of  Pennsylvania 
who  published  four  books;  and  Frank  Collins,  an  "efficiency  expert"  at 
various  shoe  factories  (Wm.  Randolph  Taylor,  pers.  comm.)  in  New  England, 
who  published  a  number  of  papers  and  in  1909  one  volume  on  the  green  algae 
of  North  America. 

Major  contributions  to  the  biogeography  of  freshwater  algae  were  made 

subsequently  by  G.  M.  Smith,  E.  N.  Transeau,  L.  H.  Tiffany,  and  many 
others  as  reviewed  by  Whitford  (1968).  However,  only  in  recent  years  have 
investigators  listed  the  large  numbers  of  algal  taxa  distributed  within  the 
Appalachian  region  with  consideration  for  their  abundance  or  rarity  (Whitford 

Schumacher,  1973;  Dillard,  1976;  Schumacher,  1976;  Whitford,  1976,  1983; 

Camburn,  1982;  Schelske  , 

Lowe,  1982). 

To  date  about  500  -  550  publications  have  appeared  which  concern 
freshwater  algae  of  the  Appalachians.  This  literature,  especially  the  more 
recent  works  cited  above,  now  form  a  limited  basis  for  reviewing  some  of 
those  taxa  rarely  reported  from  sites  within  or  near  this  geographic  region, 
as  defined  previously.  Also,  we  provide  information  on  the  distributional 
ecology  of  these  rarely  reported  algal  taxa  with  some  insights  into  the 
probable  reasons  for  their  apparent  rarity. 


RESULTS 

Table  1  lists  38  algal  taxa  with  their  systematic  affinities.  The  list 
includes  2  Cyanophyceae,  5  Rhodophyceae,  14  Chlorophyceae,  9 
Ch rysophyceae  (including  Xanthophyceae) ,  5  Bacillariophyceae,  2  Dinophyceae 
and  1  Charophyceae.  All  but  one  of  these  algae  are  illustrated  in  the 
accompanying  figures.  In  this  section  we  shall  present  information  on  the 
ecology  of  each  taxon,  as  far  as  is  known  from  collections  or  cultures. 


Synechococcus  aeruginosa  (Plate  1,  Figure  1)  represents  the  only 
coccoid  bluegreen  alga  in  our  list.  This  species  occurs  often  as  greenish- 
yellow,  relatively  non-gelatinous  films  on  various  substrates  in  shallow 
waters,  seeps,  oozes,  and  pools  in  the  mountains.  Being  relatively  common 
during  spring  and  fall,  it  apparently  tolerates  a  wide  range  of  temperatures 
and  light  intensities  and  probably  grows  best  in  areas  of  granitic  rocks  and 
somewhat  acidic  habitats.  Drouet  and  Daily  (1956)  have  submerged  this 
genus  within  Coccochloris  Sprengel.  Dillard  (pers.  comm.)  has  suggested 
that  Synechococcus  aeruginosa,  which  he  has  collected  recently  from  a  number 
of  habitats,  perhaps  no  longer  deserves  the  distinction  of  being  listed  as 
rare.  Dillard's  suggestion  appears  supported  by  the  worldwide  distribution  of 
this  taxon  (Smith,  1933;  Fritsch,  1945;  Desikachary,  1959;  Bourrelly,  1970). 

Capsosira  brebissonii  (Plate  1,  Figure  2)  is  the  only  heterocystous  and 
true  branching  bluegreen  alga  in  our  list.  It  has  been  collected  from  rocks 
in  streams  at  Highlands,  NC,  and  probably  is  restricted  to  cold,  clear  water 
in  granitic  mountainous  regions  (Whitford  1973,,  Although 

rarely  collected  in  the  Appalachians,  Bourrelly  (1970)  considers  this  alga 
global  in  distribution,  and  Fritsch  (1945)  states  that  the  taxon  is 
"widespread,  though  uncommon." 

Boldia  erythrosiphon  (Plate  1,  Figure  3)  with  two  exceptions  is 
restricted  to  habitats  within  the  Appalachian  Mountains.  This  red  alga,  first 
described  from  Big  Walker  Creek,  Giles  County,  Virginia  (Herndon,  1964), 
has  been  collected  from  >  12  locations,  including  the  Ozarks  (MO)  and  the 

Piedmont  (NC)  (Howard  par|<er,  1980).  The  latter  habitat,  however,  has 
been  destroyed.  The  alga  commonly  attaches  to  manganese- rich  shells  of 
three  snail  species  and  less  commonly  to  manganese-coated  rocks  occupying 
riffles  of  clean,  permanent  neutral-to-slightly  alkaline  streams  (Howard 
Parker,  1980).  Thriving  in  shade  rather  than  direct  sunlight,  the 
microscopic  prostrate  colonies  persist  from  fall-to-spring,  but  produce  the 
macroscopic  saccate  thalli  usually  only  from  April  to  July.  The  saccate  stage 
appears  sensitive  to  temperatures  >  22C.  Sexual  reproduction  was  not 

observed  by  Howard  ^  u  j  j  •  • 

'  Parker  (1980),  but  was  described  as  occurring  in  a 

rather  improbable  manner  by  Flint  (1970),  involving  a  snail  genus  that  does 
not  exist  in  Boldia  habitats. 
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Kyliniella  latvica  (Plate  Figure  4)  has  been  collected  from  a  stream  in 
the  White  Mountains  (NH)  and  one  in  Pennsylvania  (Flint,  1970).  Beyond  an 
apparent  preference  for  cold  flowing  water  and  attachment  to  rocks,  little  is 
known  of  its  ecology.  Flint  (1970)  has  described  sexual  reproduction  in 
Kyliniella  latvica,  a  taxon  apparently  more  common  in  Europe  (Bourrelly, 

1970). 

Nemallonopsis  shawl  (Plate  1,  Figure  5)  has  been  reported  from  3-4 

sites  in  the  U.S.,  only  one  of  which  is  near  Appalachia  and  in  the  Piedmont 

(NC)  (Howard  pgpj^gp^  1979);  this  habitat  has  since  been  destroyed.  The 
alga  occurs  attached  to  rocks  in  riffles  of  clean,  permanent  streams.  Growing 
in  both  shade  and  direct  sunlight,  the  microscopic  thallus  develops  in  fall  and 
winter.  Although  seemingly  very  rare,  it  is  probable  that  this  taxon 
sometimes  has  been  misidentif ied  as  its  close  relative,  Thorea.  Lewis  Flint's 
(1954)  trimorphic  Nemallonopsis  from  Louisiana  remains  a  curiosity,  and  has 
not  been  collected  since.  Beyond  the  eastern  U.S.,  Nemallonopsis  has  been 
reported  from  Europe  and  Asia  (Bourrelly,  1970). 

Thorea  ramosissima  (Plate  1,  Figure  6)  is  more  widely  spread  on  a 
worldwide  basis  than  Nemallonopsis  (Fritsch,  1945;  Bourrelly,  1970;  Flint, 
1970).  Shady  locations  in  clean,  cool  streams  sometimes  support  the  growth 
of  this  red  alga  on  rocks.  Flint  (1970)  has  described  sexual  reproduction  in 
Thorea. 

Tuomeya  fluviatilis  (Plate  2,  Figure  1),  as  with  Nemallonopsis  and 
Thorea,  thrives  in  shady  riffle  areas  in  clean,  permanent  streams.  Flint 
(1970)  states  that  this  red  alga  "...  is  not  a  rare  plant  at  all,  occurring 
throughout  the  eastern  portion  of  North  America  from  Florida  to  the 
Laurentians  in  Canada."  Dillard  (pers.  comm.)  agrees  with  Flint's  statement 
and  notes  that  Tuomeya  is  often  mistaken  for  moss  and  is  passed  by  and  not 
collected  by  phycologists .  Flint  (1970)  described  sexual  reproduction  in  this 
alga . 

Polyblepharides  fragariiformis  (not  illustrated),  which  we  have  not 
collected,  is  a  naked  unicellular  volvocalean  alga  which  was  collected  by  Hazen 
in  a  roadside  puddle  at  Shelburne,  Vermont,  many  years  ago  (Smith,  1933). 
Three  additional  collections  have  been  made  since,  however,  not  in  the 
Appalachians.  Vegetative  stages  have  6-8  flagella,  and  asexual  reproduction 
is  by  longitudinal  division  following  mitosis.  The  alga  forms  cysts,  which 
undoubtedly  are  important  to  their  survival  in  such  ephemeral  pools.  What 
little  is  known  of  this  alga,  which  has  appeared  in  Europe  only  twice, 
suggests  it  is  a  summer  inhabitant  of  ephemeral  pools.  Sexual  stages 
apparently  have  not  been  observed.  Although  it  is  probably  rare,  we 
suggest  that  part  of  its  apparent  rarity  relates  to  the  very  delicate  nature  of 
the  wall-less  cells  which  might  be  obliterated  or  deformed  by  collection  and 
conventional  types  of  preservation. 

The  planktonic  green  volvocalean  Stephanosphaera  pluvialis  (Plate  2, 
Figure  2)  often  achieves  conspicuous  abundance  in  a  select  few  temporary 
pools  in  the  high  mountains.  It  occurs  in  the  U.S.  (Smith,  1933)  and  Europe 
(Bourrelly,  1966),  and  sexual  reproduction  has  been  described.  Little  is 
known  of  the  ecology  of  this  alga  although  it  has  been  easily  maintained  and 
grown  in  unialgal  cultures  using  fairly  simple  media.  More  research  is  needed 
to  know,  for  example,  whether  this  alga,  like  Haematococcus  pluvialis 
belonging  to  the  same  algal  family,  is  distributed  in  accordance  with  the 
abundance  of  certain  nutrients,  such  as  nitrates  derived  from  precipitation. 

Stylospheridium  stipitatum  (Plate  2,  Figure  3)  is  a  small  unicellular 
epiphyte  usually  found  on  colonies  of  certain  bluegreen  algae,  such  as 
Coelosphaerium  naegelianum  Unger.  It  tfurives  under  bright  illumination  and 
temperatures  >20C  in  lakes  and  ponds  in  the  summer.  Sexual  reproduction 
has  been  observed,  and  the  alga  is  considered  "widely  distributed  in  the 
U.S."  (Smith,  1933).  Bourrelly  (1966)  also  describes  it  from  Europe. 

Helicodictyon  planktonicum  (Plate  2,  Figure  4)  forms  a  brilliant  sulfur 
yellow  film  on  acid  brown  water  ponds  and  lakes,  becoming  a  conspicuous 
member  of  the  neuston  during  late  summer  and  early  autumn.  It  is  more 
common  in  the  foothills  than  high  mountains.  The  alga  apparently  thrives 
when  bright  light,  low  pH  and  temperatures  of  15-20C  prevail.  Buoyancy  of 
cells  is  brought  about  by  a  gas  cavity.  Sexual  reproduction  also  has  been 
described.  This  alga  has  not  been  reported  apparently  from  other  continents 

(Whitford  c-  u  u 

Schumacher,  1966). 
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Three  species  of  Aphanochaete,  relatively  inconspicuous  filamentous, 
green  epiphytes  occurring  on  a  wide  variety  of  hosts,  are  included  in  our 
list.  They  are  A.  polychaete  (Plate  2,  Figure  5),  A.  repens  (Plate  2,  Figure 
6)  and  A.  vermiculoides  (Plate  2,  Figure  7).  All  three  more  commonly  occur 
in  spring  and  summer  and  apparently  grow  best  in  moderate  to  bright  light 
and  at  temperatures  of  15-20C,  All  three  species  occur  throughout  the  U.S. 
(Smith,  1933),  Europe  (Bourrelly,  1966)  and  probably  are  worldwide  in 
distribution.  Sexual  reproduction  has  been  described  (Bourrelly,  1966). 

Roya  obtusa  var  montana  (Plate  2,  Figure  8)  is  a  saccoderm  desmid, 
occurring  as  relatively  restricted  populations  in  several  locations  throughout 
the  U.S.  (Smith,  1933)  and  Europe  (Bourrelly,  1966).  This  alga's  ecology  is 
poorly  known,  but  it  occurs  on  mud  or  sediment  in  slow  moving,  slightly  acid 
or  distrophic  waters  (e.g.,  at  Bridal  Veil  Falls,  Jackson  County,  NC). 

Sexual  reproduction  has  been  described  (Smith,  1933).  This  alga  is  kept  in 
culture  collections. 

Cosmocladium  hitchcockii  (Plate  3,  Figure  1)  is  a  placoderm  desmid  often 
occurring  as  an  incidental  component  of  the  tychoplankton  of  brown  water 
lakes  (e.g.,  Saranac  Lake  in  the  Adirondack  Mountains,  NY).  The  alga 
thrives  in  moderate  to  bright  light  at  15-20C  in  summer.  Sexual  reproduction 
is  known  (Smith,  1933).  Schumacher  (1976)  also  listed  Cosmocladium 
tuberculatum  Prescott  as  a  rarely  reported  taxon  for  the  Appalachians.  This 
species  differs  from  C.  hitchcockii  in  only  minor  ways  (Whitford 
Schumacher,  1973,  Plate  36,  Fig.  22). 

Oocardium  stratum  (Plate  3,  Figure  2)  is  a  placoderm,  colonial  desmid 
restricted  to  very  hard  and  high  pH,  limestone,  marl-forming,  flowing  waters. 
The  alga  is  calciphilic  and  forms  a  calcium  carbonate  tube  about  each  row  of 
cells.  This  alga  is  known  from  only  one  site  in  the  eastern  U.S.,  near 
Blacksburg,  VA,  but  has  been  collected  elsewhere  in  the  U.S.  (Smith,  1933) 
and  in  Europe  (Bourrelly,  1966).  Sexual  reproduction  has  been  observed 
(Smith,  1933),  and  Oocardium  has  been  maintained  in  unialgal  cultures. 

Hormotilopsis  gelatinosa  (Plate  3,  Figure  5)  forms  gelatinous  dendroid 
masses,  sometimes  stratified  on  soils  of  open  fields.  Bright  light  and  warm 
temperatures  in  summer  readily  favor  its  growth.  This  alga  has  been 
maintained  in  culture,  but  sexual  reproduction  has  not  been  observed 


(T  rainor 


Bold,  1953). 


Oedocladium  lewisii  (Plate  3,  Figure  3)  and  O.  aibermariense  (Plate  3, 
Figure  4)  are  two  of  three  species  which  Smith  (1933)  describes  from  the 
eastern  U.S.  Sexual  reproduction  apparently  is  common  and  the  species 
thrive  in  unialgal  cultures  (Hoffman,  pers.  comm.).  Both  species  occur  as 
tufts  intermingled  with  moss  protonema,  small  thalloid  liverworts,  and 
Vaucheria  in  bottomland  soil  and  stream  banks.  The  mass  of  filaments  often 
appears  greyish-green.  More  common  appearances  are  in  October  and 
November  at  lower  elevations  or  summer  in  the  high  mountains.  Bright  light 
and  temperatures  <20C  are  apparently  ideal  conditions  for  this  alga.  While  a 
few  species  of  Oedocladium  have  been  rarely  observed  from  five  continents 
and  not  so  far  from  Africa  and  Antarctica,  these  two  from  the  eastern  U.S. 
have  not  been  reported  elsewhere  (Bourrelly,  1966). 

Cladophora  glomerata  (Plate  3,  Figure  6)  has  not  been  reported  from 
some  parts  of  the  Appalachians  (e.g.,  the  entire  state  of  North  Carolina) 

(Whitford  Schumacher,  1973)  and  is  rarely  collected  in  some  other  areas. 
However,  in  parts  of  Appalachia  where  some  of  the  surficial  rocks  are 
limestone,  (e.g.,  western  Virginia),  the  occurrence  of  C.  glomerata  is  not  at 
all  rare.  A  year-round  resident  usually  of  flowing  water  attached  to 
concrete,  rocks,  branches,  aquatic  plants,  etc.,  populations  of  this  species 
achieve  large  biomasses  in  spring,  summer,  and  fall.  Tolerant  of  full 
sunlight  and  a  broad  range  in  temperature,  it  is  the  requirement  for  both  a 
high  concentration  of  calcium  and  moderately  hard,  alkaline  water  (Gerloff 
Fitzgerald,  1976)  that  largely  explains  the  disjunct  distribution  of  this  alga. 
Smith  (1933)  reports  this  alga  widespread  in  the  U.S.,  and  Fritsch  (1935) 
and  Bourrelly  (1966)  consider  the  species  common  in  Europe  and  elsewhere. 
Earlier  accounts  of  sexual  reproduction  in  this  species  (Smith,  1933)  require 
reevaluation . 

Tetrasporopsis  reticulata  (Plate  4,  Figure  1)  is  a  resident  of  cold  slow- 
moving  waters  of  seeps,  outflow  of  bogs,  and  certain  brown  water  creeks.  It 
thrives  at  low  light  intensites  and  temperatures  below  IOC.  Spring  and 
winter  are  the  more  likely  seasons  to  find  this  alga  in  a  kind  of  palmelloid. 
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gelatinous  mass  covering  rocks,  wood  or  sediments.  T.  perforata  (Whit.) 
Bourrelly  was  merged  into  T.  reticulata  in  1976  by  Whitford.  Known  to  North 
America,  Europe,  and  the  USSR,  sexual  stages  apparently  have  not  been 
observed  (Bourrelly,  1968). 

Hydrurus  foetidus  (Plate  4,  Figure  2)  occurs  attached  to  rocks  or  cliffs 
in  moderate  but  not  full  sunlight  in  cold,  swift  flowing,  clear  mountain* 
streams.  Best  development  usually  occurs  during  early  spring.  Parker  et  al 
(1973)  showed  that  a  Montana  strain  of  this  species  retained  its  macroscopic 
form  at  <  14C  but  disintegrated  at  higher  temperatures.  Bourrelly  (1968) 
considers  this  species  widespread  in  mountains  worldwide.  Sexual 
reproduction  has  not  been  described  (Smith,  1933).  Two  additional  points  are 
of  interest.  First,  the  fetid  or  acrid  odor,  for  which  this  alga's  specific 
name  has  been  given,  while  present  in  European  and  western  U.S.  specimens, 
is  absent  in  Hydrurus  collected  from  the  Appalachians.  Second,  the  cysts  of 
Phaeodermatium  rivulare  (Plate  4,  Figure  4)  are  so  remarkably  like  those  of 
Hydrurus  that  it  may  be  an  immature  stage  of  this  alga  (Smith,  1933; 

Whitford  Schumacher,  1973),  which  has  not  been  studied  in  culture. 

Chadefaudiothrix  gallica  (Plate  4,  Figure  3)  has  been  found  in  two  cold 
acidic  swamps  in  the  Piedmont,  but  almost  certainly  should  be  in  the 
mountains.  Dillard  (1978)  has  collected  the  species  in  Kentucky.  Most 
likely,  cold  temperature  is  a  key  factor  in  the  distribution  of  this  alga  which 
achieves  its  best  development  in  spring  and  fall.  Apparently  the  alga  is  rare 
in  Europe  where  also  no  sexual  cycle  has  yet  been  observed  (Bourrelly, 

1968). 

Phaeodermatium  rivulare  (Plate  4,  Figure  4),  which  may  be  a  stage  of 
Hydrurus  foetidus,  occurs  in  similar  environments.  In  rapid-flowing  cold 
calcareous  waters,  <10C,  low  to  moderate  light  intensities,  especially  in 
autumn  and  spring,  this  alga  forms  a  slippery  golden  coating  on  rocks  of 
mountain  streams.  Both  this  species  and  Hydrurus  were  recently  found 
intimately  associated  in  a  stream  in  Giles  County,  Virginia  (W.  C.  Vinyard, 
pers.  comm.).  Known  also  to  Europe  and  North  America,  sexual  reproduction 
has  not  been  observed  in  this  taxon  (Bourrelly,  1968;  Smith,  1933). 

Peronieiia  hyalothecae  (Plate  4,  Figure  5)  and  P.  planktonica  (Plate  4, 
Figure  6)  are  tiny  epiphytic  ch rysophycean  algae.  Peronieiia  planktonica  can 
assume  both  a  planktonic  and  an  epiphytic  habit.  Normally,  population  sizes 
of  these  species  are  small.  Sexual  reproduction  has  not  been  observed  in 
this  genus,  which  is  believed  worldwide  in  distribution  (Bourrelly,  1968). 

Cloeopodium  rivulare  (Plate  4,  Figure  7)  forms  macroscopic  colonies  of  a 
distinctive  yellow-green  color  on  rocks  in  rapids  of  cold  streams,  especially  in 
spring  and  summer.  This  alga  apparently  has  been  collected  only  in  the  U.S. 
and  Bohemia  (Bourrelly,  1968),  but  sexual  stages  have  not  been  observed. 

Ophiocytium  species  (Plate  4,  Figure  8),  are  widespread  in  acid  seeps, 
but  occur  only  as  occasional  members  of  the  algal  community.  Bourrelly 
(1968)  considers  them  "cosmopolitan."  Sexual  stages  have  not  been  observed. 

Botrydium  granulatum  (Plate  4,  Figure  9)  is  a  minute,  relatively 
inconspicuous  saccate  Protos/p/?on-like  alga  which  occupies  moist  soil  or  stream 
bank  muds.  It  is  not  restricted  to  mountains,  but  is  most  common  on  moist 
soil  during  cooler  seasons.  Sexual  reproduction  has  been  described,  and  the 
species  is  considered  worldwide  in  its  distribution.  Unialgal  cultures  have 
been  established  in  many  laboratories. 

Diatoma  hiemaie  var.  mesodon  (Plate  4,  Figure  10)  Fragilaria  construens 
(Plate  4,  Figure  11),  and  F.  virescens  (Plate  4,  Figure  12),  are  three  of  five 
diatoms  in  our  list  which  are  more  common  in  the  northern  Appalachians  as 
occasional  epilithic  members  of  the  Aufwuchs  algal  community.  They  are 
widely  dispersed  in  North  America  and  Europe  (Patrick  pgjppgr  1966) 

Rhoicosphenia  curvata  (Plate  4,  Figure  13),  rare  especially  in  the 
southern  Appalachians,  may  be  epilithic,  epiphytic,  or  tychoplanktonic.  It 
thrives  in  oxygen-rich  waters  at  temperatures  <15C  and  moderate  light 
intensities.  The  species  is  more  common  in  winter  and  spring  and  is  an 
alkilophile,  being  widely  distributed  in  North  America  and  Europe  (Patrick 
Reimer,  1966). 

Meridian  circuiare  (Plate  4,  Figure  14),  although  rarely  reported, 
apparently  is  widespread  in  winter.  This  diatom  inhabits  the  bottoms  of 
streams  and  may  also  be  found  with  the  plankton  of  lakes,  but  always  as  a 
sparse  component  of  the  community.  This  alga  prefers  temperatures  <15C, 
moderate  light  intensities,  pH's  of  about  8.0,  and  high  oxygen.  It  is 
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alkilophilic  and  calciphilic.  The  species  probably  is  worldwide  in  distribution 
and  is  at  least  widespread  in  the  U.S.  and  Europe  (Patrick  pgi^er  1966) 

Ceratium  carolinianum  (Plate  4,  Figure  15)  is  a  strictly  planktonic 
dinoflagellate  found  in  brown  waters,  ponds,  and  bogs  in  the  mountains 
usually  in  early  spring.  Water  temperatures  of  15-20C  and  moderate  light 
intensities  seem  ideal  for  this  species.  Sexual  stages  have  not  been  observed 
(Bourrelly,  1970;  Whitford  s^^umacher,  1973). 

Peridinium  limbatum  (Plate  4,  Figure  16)  is  a  large-celled  dinoflagellate 
inhabiting  acid  brown  water  lakes  and  ponds.  Although  probably  widespread 
in  cool  habitats  in  spring  and  early  summer  both  as  plankton  and  in  littoral 
sands  and  muds  in  full  sunlight,  this  species  only  occurs  in  small  numbers. 
Sexual  stages  have  not  been  observed  (Bourrelly,  1970;  Whitford 
Schumacher,  1973). 

Nitellopsis  obtusa  (Plate  4,  Figure  17)  represents  the  most  recent 
addition  to  this  list  in  that  the  genus  was  rare  in  North  America  and  unknown 
to  the  eastern  U.S.  until  this  alga  was  discovered  in  the  St.  Lawrence  River 
only  a  few  years  ago  (Geis  et  o/.,  1981).  Several  large  populations  have 
colonized  the  littoral  zone,  especially  at  depths  of  4.5-7.0m  in  bays  and  along 
the  U.S.  side  of  a  72km  stretch  between  Ogdensburg  and  Clayton,  NY.  This 
alga  attaches  to  soft  substrates  by  rhizoids.  Its  habitat  is  one  of  low  to 
moderate  light  intensity,  cool  temperatures  of  15-20C  (June  to  Sept.),  slow 
flowing  water,  and  relatively  low  phosphate  levels  (i.e.  14.3-22.5  ug/l  total 
P)(Geis  et  a/.,  1981).  Nitellopsis  is  common  in  Europe  and  Asia,  where 
sexual  reproduction  is  a  common  seasonal  feature  (Bourrelly,  1970). 

However,  sexual  reproduction  has  not  been  observed  in  the  extensively 
collected  St.  Lawrence  River  material.  The  reason  for  such  is  unclear; 
however,  asexual  propagation  of  characeous  algae  poses  no  problem  on  a 
short-term  basis  because  germination  of  bulbils  and  expansion  of  subsediment 
rhizoids  represent  common  features  of  this  group.  Nevertheless,  its  sudden 
appearance  in  the  St.  Lawrence  almost  certainly  represents  an  introduction 
from  shipping  (Geis  et  al . ,  1981). 

Our  list  of  38  rarely  reported  alga!  taxa  from  within  or  close  to  the 
Appalachians  primarily  comprises  taxa  that  one  or  more  of  us  have  had  first¬ 
hand  experience  collecting  or  for  which  there  is  reliable  published 
information.  A  number  of  other  taxa  that  might  have  been  listed  were  passed 
over  for  lack  of  sufficient  collecting  data.  Other  rarely  reported  algal  taxa 
ie.g.,  Oedocladium  carolinianum)  were  omitted  because  their  habitats  were 
located  very  far  from  the  periphery  of  the  Appalachian  Mountains,  whereas 
few  taxa  were  included  (e.g.,  Nitellopsis  obtusa)  which  were  not  far  from  the 
foothills  of  the  Appalachians.  We  hope  that  the  reader  will  recognize  that,  as 
more  is  learned,  this  list  may  require  modification.  However,  adequate 
information  is  available  to  consider  the  reasons  for  rarity  of  alga!  taxa  in  our 
list. 


DISCUSSION 

The  reasons  for  algae  being  rare  or  rarely  reported  are  many  and, 

depending  on  the  specific  taxon,  apparently  range  from  an  inadequate  number 
of  phycologists  thoroughly  examining  collections  from  particular  sites  during 
all  seasons  to  bonafide  rarity  as  a  result  of  genetically  mediated,  bizarre  or 
narrow  niches.  We  shall  attempt  here  an  analysis  of  these  reasons  as  they 
may  apply  to  the  38  alga!  taxa  in  our  list. 

Historically,  the  Appalachians  have  not  been  surveyed  either 
extensively  or  as  thoroughly  as  many  other  areas.  The  19th  Century, 
generally  recognized  as  the  golden  era  of  taxonomy  and  systematics  got 
underway  sooner  in  Europe  and  Asia  than  in  North  America  (Whitford,  1968). 
Indeed,  biogeographical  contributions  were  very  few  until  quite  recently. 

Soon  after  the  turn  of  the  20th  century,  phycology  expanded,  but  did  so  into 
other  sub-disciplines  --  culturing,  physiology,  biochemistry,  ultrasturcture. 
Such  areas  only  in  a  small  way  have  contributed  to  an  enhancement  of 
biogeographic  distribution  of  the  algae. 

A  significant  number  of  the  rarely  reported  algae  in  our  list  have  been 
cultured.  These  include  Boldia  erythrosiphon  immature  and  young  stages 

(Howard  pgpker,  1981),  Stephanos phaera  pluvialis  (Texas  Culture 
Collection=TCC) ,  Oocardium  stratum  (TCC),  Oedocladium  spp.  (Hoffman, 


RARELY  REPORTED  ALGAE 


203 


pers.  comm.)^  Hormotillopsis  gelatinosa  (TCC)^  Cladophora  ghmerata  (TCC), 
Botrydium  granuiatum  (TCC),  and  perhaps  others  of  which  we  are  unaware. 
Therefore,  at  least  a  number  of  these  algae  are  not  physiologically  so 
fastidious  as  to  be  difficult  to  culture.  We  suspect  that  for  the  others  it  is 
likely  that  (a)  no  concerted  effort  has  been  made  to  culture  them,  or  (b) 
there  is  a  genera!  inability  of  these  non-abundant  taxa  to  rise  to  dominance  in 
typical  primary  enrichment  cultures. 

Some  of  the  ideas  reviewed  in  Williams'  (1975)  book.  Sex  and  Evolution, 
may  apply  to  those  rarely  reported  freshwater  algae  in  our  list  which  are  not 
known  to  have  sexual  cycles.  He  suggests  that  organisms  which  rarely,  if 
ever,  exhibit  sexual  reproduction  may  survive  because  they  occupy  very 
stable  environments  at  the  time  they  are  able  to  grow.  That  is, 
"...recombination  is  significant  mainly  for  maintaining  genotypic  versatility  in 
unpredictable  environments."  Many  algae  have  resting  stages  such  as 
akinetes,  hypnospores,  or  mucilage-coated  vegetative  ceils  which  facilitate 
survival  during  unfavorable  times.  At  least  a  number  of  algae  (e.g., 
desmids)  are  believed  to  be  polyploid,  but  others  are  probably  haploid. 
Furthermore,  many  freshwater  algae  with  sexual  reproduction  form 
zygospores.  Williams  (1975)  notes,  "If  a  zygote  undergoes  meiosis  to  form 
genetically  distinct  haploid  clones,  all  genes  that  entered  with  the  gametes  are 
retained,  and  there  is  no  cost  of  meiosis."  In  addition,  microalgae  are  highly 
mobile  and  are  dispersed  by  various  vectors  (e.g.,  wind,  insects,  birds)  to 
more  favorable  environments. 

Drury  (1980),  in  discussing  rare  and  endangered  land  plant  species, 
makes  a  number  of  points  also  applicable  generally  to  rarely  reported  algae. 

"Some  species  are  selected  primarily  by  physical  factors  of  their  habitat 
(Wallacian  selection),  while  others  are  selected  primarily  by  biological 
factors  ...  (Darwinian  selection).  Two  extreme  types  of  'adaptive 
strategy.,.'  are  (1)  to  become  a  good  competitor  at  the  cost  of  being 
able  to  grow  in  'extreme'  habitats;  (2)  to  evolve  the  physiological 
apparatus  needed  to  use  the  resources  of  an  'extreme'  habitat  at  the 
cost  of  being  able  to  compete  in  biologically  'favorable'  habitats,  /.e., 
the  conditions  vary  less." 

This  certainly  applies  to  some  rarely  reported  algae.  Drury  (1980)  also 
notes,  "Structural  diversity  is  characteristic  of  plants  and  is  a  'mechanism'  by 
which  plants  make  phenotypic  adjustment  to  the  place  where  they  find 
themselves,  because  they  are  unable  to  move."  This  does  not  apply  to  most 
of  the  algae  in  our  list,  except  on  a  specific  level.  For  example,  the  red 
algae  and  Niteilopsis  are  structurally  enough  complex  that  Drury's  point  could 
apply. 

Drury  (1980)  further  suggests,  " .  .  ,  Arctic-Alpine  plants  once  had 
continuous  distribution  around  the  borders  of  the  ice  sheets  and  have 
subsequently  retreated  to  bogs  and  mountain  tops."  This  may  apply  to  a 
number  of  our  rarely  reported  algae  of  the  Appalachian  region,  which  may  be 
"conservative  relics"  or  members  of  "island  biotas,"  Seaburg  and  Parker 
(1983)  have  shown  that  the  seasonal  distribution  of  a  number  of  Virginia 
freshwater  algae  can  be  explained  exclusively  on  the  basis  of  their 
temperature-growth  characteristics.  Temperature-growth  regulation 
apparently  represents  a  fairly  conservative  and  stable  genetic  feature  for 
many  algae,  although  at  least  a  gradual  change  downward  over  longer  periods 
is  supported  by  the  presence  of  algal  taxa  known  to  Appalachia  and 
Antarctica  but  with  lower  temperature-growth  characteristics  in  the  isolates 
from  the  stable  colder  waters  of  the  Antarctic  lakes  (Seaburg  et  a!.,  1981). 

In  addition,  seasons  with  cold  water  temperatures  represent  those  in  which 
field  collecting  i'S  significantly  curtailed. 

Drury  (1980)  lists  Mayr's  (1963)  three  types  of  rarity: 

(1)  high  densities,  but  range  restricted  to  a  very  few  localities; 

(2)  widely  dispersed,  but  in  very  low  densities; 

(3)  low  densities  in  a  very  few  localities. 

The  first  type  is  represented  by  Boldia,  Niteilopsis ,  Helicodictyon , 
Stephanosphaera ,  Oocardium,  Hydrurus ,  Meridian  and  Ceratium,  The  second 
is  represented  by  Styiosphaeridium,  Cos  mod odium,  and  Roya.  The  third 
apparently  applies  at  least  to  Kylinielia.  If  one  adds  to  these  three  types  of 
rarity  the  dimensions  of  the  density  of  competent  phycologists  and  time  and 
place  of  rare  algal  prominence,  it  is  even  easier  to  understand  apparent  alga! 
rarity. 
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Drury's  (1980)  idea  that  rarity  often  is  the  result  of  genetic  depletion 
certainly  could  apply  to  rarity  in  algae.  This  concept  is  supported  by  Ryder 
et  a! .  (1981),  Jablonski,  et  al .  (1983)  and  Lewin  (1983).  Drury  lists  two 
mechanisms  that  especially  might  explain  genetic  depletion  in  one  or  more  algal 
taxa  in  our  list; 

(1)  "The  Founder  Principal"  -  where  a  small  emigrant  population  contains 
restricted  genetic  diversity;  thus,  many  of  the  populations  of  rarely 
reported  algae  may  represent  single  or  only  a  few  clones. 

(2)  "Local  Selection"  -  where  genetic  depletion  results  in  a  shift  toward 
uniformity  (homozygosity)  in  a  constant  environment. 

Yet  another  characteristic  may  enhance  or  perpetuate  genetic  depletion, 
namely  lack  of  recombination  of  haploid  clones.  Finally,  we  wish  to  note  that 
genetic  depletion  and  loss  of  plasticity  to  environmental  change  are  not 
necessarily  parallel  features.  It  remains  possible  that  an  alga  could  be 
genetically  depleted  yet  remain  plastic. 

Drury  (1980)  points  out  that  "...  distribution  and  abundance  of  an 
organism  on  a  local  scale  depend  upon  (1)  other  organisms  whose  activities 
decrease  the  numbers  of  the  species,  (2)  other  organisms  whose  presence 
increases  the  numbers  of  the  species,  or  (3)  the  physical  habitat."  Without 
doubt,  all  three  of  these  conditions  probably  operate  within  the  habitats  of 
many  algae  in  our  list.  Boldia,  for  example,  clearly  depends  upon  a  select 
few  species  of  snails,  or  rarely  manganese-coated  rocks,  and  upon  dim  light, 
cool  temperatures,  near  neutral  pH,  and  the  turbulence  of  riffles  in  order  to 
grow  and  reproduce  annually  (Howard  1981). 

Stebbins  (1980)  suggests  that  some  botanists  consider  "rare  species  are 
pioneers  in  temporary  habitats."  This  pioneer  viewpoint  certainly 
applies  to  Nitellopsis ,  which  almost  certainly  represents  a  recent  colonizer 
introduced  from  Europe  (Geis,  et  a!.,  1981). 

In  1976,  Stebbins  (1980)  proposed  the  concept  of  "ecological  islands," 
that  is  "...  small  areas  in  which  some  environmental  factor  or  combination  of 
factors  is  so  different  from  the  conditions  that  prevail  in  the  surrounding 
areas... that  the  species  growing  in  the  islands  are  as  isolated  as  if  they  were 
growing  on  an  island  in  the  ocean."  This  concept  seems  to  apply  readily  to 
the  highly  specific  substrate  for  Boldia  attachment  (Howard  par[<er  1981) 

and  it  may  well  be  that  attachment  alone  is  not  the  principal  gain  of  such 
algae  as  Stylosphaeridium,  Aphanochaete  spp.,  or  Nitellopsis .  However, 
specific  substrate  type  is  not  nearly  as  important  for  Cladophora  giomerata , 
which  is  only  rare  in  calcium-deficient  habitats,  or  for  Hydrurus  and  some 
freshwater  red  algae  (Parker,  et  o/.,  1973). 

Stebbins  (1980)  notes  that  rarity  or  endemism  can  be  explained  by  a 
combination  of  ecological  factors,  genetic  structure  of  populations,  and  past 
history  of  the  evolutionary  lines  (=  "gene-pool-niche  interaction  theory"). 

Such  a  theory  can  be  applied  to  the  rarity  of  Appalachian  algae.  However, 
we  can  say  little  more,  because  essentially  nothing  is  known  about  the  genetic 
structure  and  past  history  or  evolution  of  freshwater  algae. 

Drury  (1980)  cites  the  senescent  theory,  namely  that  "rare  species  are 
failing  species;  that  a  rare  species  lacks  the  ability  to  displace  other  species, 
to  increase  its  population,  or  to  expand  its  range."  It  is  unlikely  that  this 
theory  will  greatly  enrich  one's  understanding  of  the  rarely  reported 
Appalachian  algae.  Furthermore,  the  opposite  conception  of  rare  algae  being 
new  species  not  yet  expanded  is  equally  possible. 

Stebbins  (1980)  also  apparently  agrees  with  Drury's  point.  He  notes 
that  Sewall  Wright  (1931)  pointed  out  "that  in  populations  of  greatly  reduced 
size,  chance  fluctuations  in  gene  frequency  ("genetic  drift")  would  often  lead 
to  fixation  of  alleles  and  so  to  depletion  of  the  gene  pool."  This  may  well 
apply  to  rarely  reported  algae  of  the  Appalachians,  but  we  have  no 
supporting  data. 

In  view  of  the  fact  that  most  of  the  algae  in  our  list  are  widely 
dispersed  (exceptions:  Kyliniella,  Polyblepharides) ,  many  even  known  To 
more  than  one  continent  (exceptions:  Boldia,  Tuomeya,  the  two  Oedocladium 
spp.,  Hellcodictyon) ,  it  would  appear  that  unique  aspects  of  the  geology, 
climate,  or  chemical  and  physical  properties  of  the  algal  habitats  are  not 
involved  in  regulating  their  distribution.  Rather,  the  combination  of 
environmental  variables  compatible  with  the  colonization,  growth,  and 
reproduction  of  these  algae  are  found  elsewhere  and,  most  likely,  occur  more 
frequently  than  is  currently  recognized. 
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Finally,  Whitford  (1983)  lists  four  reasons  to  explain  apparent  rarity  in 
fresh-water  algae: 

(1)  sparse  previous  collections; 

(2)  species  with  restricted  distributions; 

(3)  species  having  long-lived  spores  difficult  to  germinate;  and 

(4)  stenoecious  species. 

The  third  reason  is  of  special  interest  as  it  has  not  been  suggested  in  any  of 
the  earlier  references  although  a  central  focus  for  a  volume  addressing 
strategies  for  survival  in  algae  (Fryxell,  1983).  This  explanation  might  be 
applicable  to  one  or  more  taxa  in  our  list,  but  supporting  evidence  is  not 
available  at  this  time. 

In  conclusion,  six  major  reasons  can  be  most  readily  attributed  to  the 
apparent  rarity  of  the  38  freshwater  algal  taxa  (2  bluegreens,  5  reds,  14 
greens,  9  chrysophyceans  or  xanthophyceans,  5  diatoms,  2  dinof lagellates, 
and  1  charophycean)  in  our  list: 

(1)  Twelve  taxa  occur  in  low  biomass  or  as  only  incidental  members  of  the 

community,  and  hence  are  easily  overlooked  (1  bluegreen,  5  greens,  6 
chrysophyceans) ; 

(2)  Six  are  tiny  epiphytes  (4  greens,  2  chrysophyceans),  and  thus  are 

elusive  and  often  overlooked; 

(3)  Twelve  are  either  cold  temperature-requiring  (psychorophilic)  or  cold 

temperature-thriving  (psych rotrophic)  (3  greens,  4  chrysophyceans,  5 
diatoms),  and  thus  occur  in  habitats  less  frequently  collected; 

(4)  Twenty-four  probably  are  seasonal  in  their  appearances  (8  greens,  4 

chrysophyceans,  5  diatoms,  5  reds,  2  dinof  lagellates) ; 

(5)  Nine  are  quite  fastidious  and  exacting  in  terms  of  their  preference  for 

chemically  or  physically  unusual  habitats.  (1  bluegreen,  4  greens,  1 
chrysophycean,  2  reds,  1  charophycean);  and  finally 

(6)  All  38  algae  will  be  subject  to  the  patchiness  of  collectors  and  their 

collections  through  time  and  space. 

One  or  more  of  these  six  reasons  explains  the  apparent  rarity  of  these  algal 
taxa  in  the  Appalachians. 

Finally,  the  rare  and  endangered  species  lists  for  the  various  United 
States  do  not  consider  the  algae.  Yet  algal  species  have  as  much  of  a  chance 
of  being  exterminated  as  higher  plants.  Theoretically  the  algal  species  with 
the  narrowest  niches  (stenoecious)  are  more  apt  to  become  extinct  by  (1) 
obliteration  of  or  (2)  pollution  of  their  habitats.  Such  pollution  can  be  in 
various  forms,  such  as  specific  toxicants,  organics,  nutrients  causing 
eutrophication,  thermal  pollution,  and  air  pollution  (e.g.,  acid  rain--dry, 

_2 

wet,  toxicants  like  S  ,  organics).  Generally,  such  changed  habitats 
usually  will  become  colonized  by  another  algal  community,  albeit  less  rare  in 
its  distribution. 

We  know  of  no  alga  previously  reported  from  the  Appalachians  that  is 
now  extinct,  but  the  records  are  too  recent  and  too  incomplete  for  such 
information.  Certainly  there  are  algae  in  the  fossil  record  that  are  now 
extinct.  Also,  there  are  many  algal  habitats  that  have  been  drastically 
modified  from  their  virgin  states  such  that  the  original  algae  are  gone. 
Flowever,  the  missing  taxa  usually  can  be  found  elsewhere  in  the  Appalachians 
with  the  possible  exception  of  Kyliniella. 
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PLATE  1 


Fig.  1 
Fig.  2 
Fig.  3 
Parker 


Fig.  4 
Fig.  5 


Synechococcus  aeruginosa  Nageli.  (x  750) 
Capsosira  brebissonli  Kutzing.  (x  700) 

Boldia  erythrosi phon  (Herndon)  emend  Howard  and 

a.  typical  attached  colonies  (x  1) 

b.  surface  view  of  thallus  (x  250) 

Kyliniella  latvica  Skuja.  (900) 

Nemalionopsis  shawi  Skuja. 

a.  branch  apex  (x  45) 

b.  filament  cells  (x  250) 

c.  diagrammatic  view  of  longitudinal  section 

of  thallus  (x  45) 

Thorea  ramosissima  Bory. 

a.  entire  thallus  (x  1.5) 

b.  diagrammatic  view  of  longitudinal  section 

of  thallus  (x  70) 


Fig.  6 
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PLATE  2 


Fig.  1 


Fig.  2 
Fig.  3 

Fig.  4 

Fig.  5 
Fig.  6 
Fig.  7 
Fig.  8 


Tuomeya  fluviatiHs  Harvey 

a.  tip  of  branch  showing  banding  (x  100) 

b.  habit  (x  5) 

Stephanosphaera  pluviafis  Cohn,  (x  800) 
Stylosphaeridium  stipitatum  (Bachm.)  Geitler 

and  Gimesi.  (x  500) 

Helicodictyon  planktonicum  (Whit.)  Whitford 
and  Schumacher,  (x  500) 

Aphanochaete  polychaete  (Hansg.)  Fritsch.  (x  450) 
A.  repens  A.  Bra  urn  (x  450) 

A.  vermicufoides  Wolle.  (x  450) 

Roya  obtusa  var.  montana  W.  q  g  (x  700) 
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PLATE  3 


Fig.  1 

Cosmodadium  hitchcockii  (Wolle)  G. 

a.  single  cell  (x  1200) 

b.  portion  of  colony  (x  400) 

M.  Smith 

Fig-  2 

Oocardium  stratum  Nagel i.  (x  600) 

Fig.  3 

Oedociadium  lewlsil  Whitford. 

a.  habit  (x  175) 

b.  antheridial  branch  (x  350) 

c.  oogonium  (x350) 

Fig.  4 

Oe.  albermarlense  Lewis. 

a.  habit  (x  150) 

b.  antheridial  branch  (x  325) 

c.  oogonium  (x  325) 

Fig.  5 

Hormotilopsis  gelatinosa  Trainor  and 
Bold,  (x  600) 

Fig.  6 

Cladophora  glome  rata  (L.)  Kutzing. 

(x  200) 
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PLATE  4 


Fig.  1 

Tetrasporopsis  reticulata  Meyer. 

a . 

portion  of  thallus  (x  40) 

b. 

cells  (x  825) 

Fig.  2 

Hydrurus  foetid  us  (Vi  11.)  Trev. 

a. 

portion  of  thallus  (x  100) 

b. 

cells  (x  850) 

Fig.  3 

Chadefaudiothrix  gallica  Bourrelly. 

a . 

portion  of  thallus  (x  275) 

b. 

cells  (x  850) 

Fig.  4 

Phaeodermatium  rivulare  Hansg. 

a . 

thallus  (x  250) 

b. 

section  of  thallus  (x  250) 

c. 

winged  cyst  (x  200) 

Fig.  5 

Perionella  hyalothecae  Gobi,  (x  500) 
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Fig.  6 

P.  planktonica  G.  M.  Smith,  (x  900) 

Fig.  7 

Gloeopodium  rivulare  Whitford  and  Schumacher 

a.  section  of  thallus  (x  400) 

b.  stalked  cell  (x  800) 

Fig.  8 

Ophiocytium  sp.  (x  450) 

Fig.  9 

Botrydium  granulatum  Grev.  (x  8) 

Fig.  10 

Diatoma  hiemaie  var.  mesodon  (Ehr.) 

Grunow  (x  2000) 

Fig.  11 

Fragilaria  construens  (Ehr.) 

Grunow.  (x  1850) 

Fig.  12 

F.  virescens  Ralfs.  (x  475) 

Fig.  13 

Rhoicosphenia  curvata  (Kutz.)  Grunow 

a.  valve  view  (x  1150) 

b.  girdle  view  (x  1150) 

Fig.  14 

Meridian  circulare  (Grev.)  Agardh. 

a.  girdle  view  (x  165) 

b.  valve  view  (x  850) 

Fig.  15 

Ceratium  carolinianum  (Bailey) 

Jorgenson,  (x  300) 

Fig.  16 

Peridinium  limbatum  (Stokes)  Lemm. 

(x  500) 

Fig.  17 

Niteilopsis  obtusa  {Desv .  in  Lois) 

J.  Gr. 

a.  habit  of  female  plant  (x  1) 

b.  branchlet  node  showing  rare 
dactyle  (x  5) 

c.  male  branchlet  (x  8) 

d.  oogonium  of  Nit.  bulbilifera  (x  25) 

e.  node  with  antheridium  (x  25) 


Table  1.  Rarely  reported  algae  of  the  Appalachians,  their  systematic  affinities. 


CYANOPHYCEAE 

Ch roococcales,  Chroococcaceae 
Stigonematales,  Stigonemataceae 
RHODOPHYCEAE 
Bangiales,  Boldiaceae 

?Nemalionales,  ?Lemaneaceae 

Thoreaceae 

Lemaneaceae 


Synechococcus  aeruginosa  Nagel i 
Capsosira  brebisonii  Kutzing 

Boldia  erythrosiphon  (Herndon) 

emend  Howard  „  i 

Parker 

Kyi  ini  el  la  latvica  Skuja 
Nemalionopsis  shawi  Skuja 
Thorea  ramosissima  Bory 
Tuomeya  fluviatilis  Harvey 
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CHLOROPHYCEAE 


Volvocales,  Polyblepharidaceae 

Polyblepharides  fragariiformis  Hazen 

Haematococcaceae 

Stephanos phaera  pluvialis  Cohn 

Tetrasporales,  Chlorangiaceae 

Stylosphaeridium  stipitatum 
(Bachm.)  Geitler 

Gimesi 

Chlorococcales,  Hormotilaceae 

Hormotilopsis  geltinosa 

Bold 

Ulotrichales,  Helicodictyaceae 

Helicodictyon  planktonicum 

(Whit.)  Whitford  ^  ,  , 

Schumacher 

Chaetophoraceae 

Aphanochaete  polychaete  (Hansg.) 
Fritsch 

A.  repens  A.  Braun 

A.  vermiculoides  Wolle 

Zygnemales,  Mesotaeniaceae 

Roy  a  obtusa  var.  montana 

W 

G.  S.  West 

Zygnemales,  Desmidiaceae 

Cosmocladium  hitchcockii 
(Wolle)  G.  M.  Smith  * 

Zygnemales,  Desmidiaceae 

Oocardium  stratum  Nagel i 

Oedogoniales,  Oedogoniaceae 

Oedociadium  iewisii  Whitford 

0.  albermarlense  Lewis 

Cladophorales,  Cladophoraceae 

Cladophora  glomerata  (L.) 

Kutzing 

CHRYSOPHYCEAE 


Chromulinales,  Ch rysocapsaceae 

Tetrasporopsis  reticulata 

Meyer 

Hydruraceae 

Hydrurus  foetid  us  (Villi.) 

T  rev. 

Thallocrysidales,  Thai  loch  rysidaceae 

Phaeodermatium  rivulare 

Hansgirg 
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Heterococcales,  Pleurochloridaceae 

Chadefaudiothrix  gailica 
Bourrelly 

Characiopsidacee 

Peroniella  hyalothecae  Gobi 

Peroniella  planktonica  G.  M, 
Smith 

Gloeopodiaceae 

Cloeopodium  rivuiare  Whitford 

Schumacher 

Heterocapsales,  Chlorotheceaceae 

Ophlocytium  spp.  Nagel i 

Vaucheriales,  Botrydiaceae 

Botrydium  granuiatum  Greville 

BACILLARiOPHYCEAE 


Pennaies,  Diatomaceae 

Diatoma  hiemaie  var.  mesodon 
(Ehr.)  Grunow 

Fragilariaceae 

Fragilarla  construens  (Ehr.) 
Grunow 

F.  virescens  Raifs 

Pennales,  Achnanthaceae 

Rhoicosphenia  curvata  (Kutz.) 
Grunow 

Pennales,  Meridionaceae 

Meridion  circuiare  (Grev.) 
Agardh 

DINOPHYCEAE 


Peridiniales,  Ceratiaceae 

Ceratium  carolinianum  (Bailey) 
Jorgensen 

Peridiniaceae 

Peridinium  Umbatum  (Stokes) 
Lemm, 

CHAROPHYCEAE 


Charales,  Characeae 

Nitellopsis  obtusa  (Desv.  in 

Lois)  J.  Gr. 
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ABSTRACT 

The  plantonic  rotifers  of  Lake  Maury,  Newport  News,  Va*  are  discussed. 
Comparisons  with  species  found  previously  (Turner  1980)  are  given.  A  species 
list  of  planktonic  rotifers  known  to  occur  in  Lake  Maury  is  also  given. 


ROTIFERS  IN  THE  PLANKTON  OF  LAKE  MAURY,  NEWPORT  NEWS,  VA. 

The  freshwater  planktonic  community  of  Lake  Maury  consists  mainly  of 
Cladocera,  Copepods  and  Rotifers.  This  paper  deals  only  with  the  Rotifers  of 
the  lake,  found  between  September  1981  and  May  1982.  A  total  of  20  species 
were  found.  Results  of  this  investigation  are  compared  with  a  previous  study 
of  the  rotifers  of  Lake  Maury  (Turner  1980). 

STUDY  AREA 

Lake  Maury  is  a  shallow  artificial  lake  located  within  the  confines  of  the 
Mariner's  Museum  grounds,  in  Newport  News,  Virginia.  (Figure  1.)  The  lake 
flows  into  the  James  River,  very  near  the  mouth  of  the  Chesepeake  Bay.  It  is 
fed  by  small  runoff  streams  from  the  surrounding  rural  areas.  The  Mariner's 
Museum  staff  regulates  the  lake  outflow  to  the  James  River  and  periodically 
uses  algicide  to  keep  the  shallow  lake  clear  of  algae  mats  and  blooms.  There 
is  also  a  large  population  of  bluegill  and  bass  fish  in  the  lake, 

MATERIALS  AND  METHODS 

Samples  were  taken  at  six  different  times  of  the  year  from  September  1981 
to  May  1982,  (Table  1.),  near  the  center  of  the  lake  at  three  separate  points 
using  a  150  um  plankton  net  (Figure  1.)  (Result  from  each  sample  site  did  not 
vary  significantly.  Species  found  from  each  site  are  incorporated  into  one 
result.)  The  net  was  pulled  approximately  100  meters  along  the  surface,  and 
at  one  or  two  meter  depths.  Since  the  lake  is  very  shallow,  2.5  meters,  no 
attempt  was  made  to  distinguish  between  sample  depths.  The  water  temperature 
was  taken  simulataneously  with  the  samples.  The  pH  was  determined  by  using 
Hydrion  wide  range  paper,  1~12.  The  samples  once  collected,  were  treated  with 
carbonated  water  to  relax  the  rotifiers,  then  sample  was  brought  to  1% 
formalin  and  carried  back  to  the  laboratory  for  inspection.  Species  and 
rotifers  were  rioted  and  the  stomach  contents  of  some  were  examined. 

RESULTS 

The  pH  fluctuated  throughout  the  study  period  while  the  temperature  varied 
predictably  with  the  season  (Table  1.).  The  rotifer  composition  of  the  lake 
however,  was  less  predictable.  In  the  fall  there  appeared  a  number  of  rotifer 
species  in  the  plankton  that  are  not  normally  thought  of  as  planktonic, 
Platyias  quadricornis,  Brachionus  caudatus,  B.  havanaensis,  calycif lorus, 

Trichocerca  cylindrica,  and  T.  Jennings i  were  found  in  the  planktonwhTT^They 
are  customarily  found  1n  the  littoral  regions  of  lakes  such  as  Lake  Maury. 
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Fig.  1 

Lake  Maury,  Newport  News,  Virginia 
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Asplanchna  priodonta,  A.  (Asplanchnel la)  brightwelli  and  A* 

(Asplanchnella)  girodi  all  appeared  in  ther  fall  as  well.  During  December 
both  A.  priodonta  and  A.  (A.)  girodi  were  present,  and  A.  priodonta  appeared 
once  again  in  May.  Examination  of  the  stomach  contents  ofh7^[K7r girodi  and 
priodonta,  when  they  were  both  found  in  the  plankton  simultaneously,  ” 
revealed  A.  (A.)  girodi  as  the  primary  carnivore,  eating  mostly  Cephalodel la 

Keratel la  rotifers  alolng  with  Difflugia  protozoans.  A.  priodonta 
rotifers  checked  contained  only  algal  remains,  indicating  the  occupation  of 
different  feeding  niches. 

Kellicottia  bostoniensis  was  present  in  most  of  the  sampling  periods,  as 
well  as  large  and  small  forms  of  Keratella  cochlearis.  Keratella  crassa  was 
the  only  Keratella  present  in  the  Spring,  and  may  have  occupied  the  ecological 
space  left  vacant  by  K.  cochlearis. 

Conochi lu$  rotifers  were  present  in  most  of  the  collections. 
Differentiating  'fixed'  Conochi  1  us  species  was  difficult  due  to  the  presence 
of  transition  species  within  this  genus.  When  treated,  Conochi \u_s  colonies 
broke  down  and  the  animals  most  often  contracted  to  near  uncognizable  blobs. 

Of  the  family  Synchaetidae,  Polyarthra  species  were  represented  in  all  but 
May  and  26  September  samplings.  At  times,  there  v/ere  two  different  species 
coocurriung.  Synchaeta  pectinata  was  found  in  winter  and  early  spring. 

Species  diversification  dwindled  through  the  sampling  periods  from  ten  in 
the  fall  of  1981  to  three  species  in  the  spring  of  1982. 


TABLE  I.  Sample  dates  and  species  found,  with  temp,  and  pH. 


12  Sep  26  SEP  16  NOV  20  DEC  4  MAR  8  MAY 


Platyias  quadricornis 
Brachionus  caudatus 
havanensis 
clTycTfTWus 
Kerate]Ta"cochTiirTs 
cochlearis* 

crassa 

Kellicottia  bostoniensis 
Trichocerca  cylindrica 
jenningsi 

Polyarthra  vulgaris 
dol ichoptera 

euryptera 
Synchaeta  pectinata 
Aspi anchWa  ( Aspl anchnel la) 
girodi 
brlghtweTl  i 
Asplanchna  priodonta 
Conochi  1  us  dossaurius 
unicornis/hippocrepis 
Fil'inia  longiseta 

1 imnetica 


TEMPERATURE 

pH 


X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

270C 

igoc 

HOC 

30c 

70c 

210c 

6 

6.5 

6 

6.5 

6 

6,5-7 

*Large  formm  (ZOOum) 
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DISCUSSION 

Samples  taken  1n  September  1981  contained  Trichocerca  jenningsi  and 
Platyias  quadricornls.  These  rotifers  are  not  commonly  found  in  the  plankton. 
However,  since  their  diet  consists  fo  suspended  particles  and  algae  (Jennings 
1903),  and  the  lake  is  very  shallow  (Z.Bm),  populations  may  have  spread  to  the 
plankton  from  the  littoral  region  where  these  rotifers  usually  reside.  Of  the 
Trichocerca  genus,  Ruttner-Kolisko  (1974)  regards  T.  cylindrica  as  frequently 
occurring  in  the  plankton  and  not  T.  jenningsi .  SimilirTyUBrachionus 
caudatus  and  B^.  havanensis  species  were  found  during  this  sample  period. 
Although  Brachionus  is  not  strictly  confined  to  the  littoral  areas,  their 
absense  from  the  plankton  during  other  months  was  conspicuous.  Ruttner- 
Kolisko  (1974)  regards  Brachionus  as  thermophile  and  mostly  inhabiting  shallow 
water.  Only  a  few  species  are  truely  pelagic.  However  many  species  have 
transitions  betwen  benthic  and  pelagic  modes  of  life. 

Asplanchna  genus  was  represented  during  four  of  the  six  sampling  times. 
Only  one  Asplanchna  species  is  usually  present  in  the  plankton  at  one  time 
unless  their  diets  differ  sufficiently.  This  was  the  case  in  December  1981, 
when  both  A.  priodonta  and  A,  (A.)  girodi  were  found  in  the  plankton. 
Examination  of  their  stomach  contents  revealed  that  A.  priodonta  had  nothing 
but  algal  remains  while  the  stomachs  of  A.  (A.)  girodi  contained  Cephalodel la 
and  Keratella  cochlearis  rotifers  and  Diff lugia  remains.  (The  presence  of 
littoral  bound  Cephalodel la  remains  may  suggest  grazing  by  the  A.  (A.)  girodi 
in  non-planktonic  environments.)  Clearly,  even  though  both  are  carnivorous 
rotifers,  only  one  displayed  a  carnivorous  habit  during  this  time. 

Kellicottia  bostoniensis  seems  to  be  a  relatively  consistent  plankton 
species  in  this  lake.  Its  sister  species,  K.  longispina,  usually  confined  to 
larger  and  deeper  lakes,  was  never  found. 

Keratella  cochlearis  was  also  consistently  found  in  abundance.  When 
found,  it  occurred  in  two  forms:  a  small  form  less  than  125  urn  and  a  large 
form  over  200  urn..  Keratella  crassa  was  found  when  K,  cochlearis  was  absent. 
K.  crassa  is  approximately  the  same  size  as  the  large  form  of  K.  cochlearis 
found,  and  may  have  similar  feeding  habits. 

Conochi  1  us  rotifers  were  found  routinely,  but  not  in  December  or  March. 

Due  to  the  fixing  with  formalin  ad  narcotizing  procedures  however,  the 
colonies  broke  down,  leaving  only  the  individual  contracted  animals.  The 
presence  of  transition  species  witin  the  hi ppocrepi s/unicornis  group  made 
positive  identification  difficult.  Thus,  when  the  animals  were  encountered, 
the  group  was  used  as  the  identity. 


Conochi  1  us  dossaurius  was  until  recently  placed  in  the  genus 
Conochi loides.  Koste  1978  has  again  placed  this  species,  along  with  natans 
coenobasis,  (the  latter  is  now  a  subspecies  of  dossaurius)  under  the  name 
ConoFhilus,  where  Hudson  had  originally  placed  dossaurius. 

Polyarthra  rotifers  were  present  frequently  and  numbered  first  or  second 
in  relative  rotifer  abundance  at  any  one  time.  Most  common  were  the 
Polyarthra  of  the  vulgaris/dol ichoptera  group.  During  the  winter  1981,  £, 
euryptera  occupied  the  plankton  simuTtaneously  with  the  vulgaris/dol ichoptera 
group. 

The  rotifer  list  of  littoral  species  in  the  lake  (Turner  1980)  and  this 
list  of  planktonic  rotifers  (Appendix  I.)  have  many  species  in  common. 

Notable  exceptions  are  the  absence  of  certain  planktonic  species  in  this 
investigation  that  were  encountered  in  littoral  regions  of  the  prior 
investigation.  Asplanchna  seiboldi  was  encountered  in  June  1978  in  the 
shallows  of  the  Jake/y^t  not  in  this  plankton  study  where  it  might  be 
expected. 
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The  Brachionidae  were  well  represented  and  the  differences  in  the  species 
were  subtle.  The  previous  study  list  contains  Brachionus  angularis, 
budapestinensis  and  quadridentatus.  The  present  list  contains  caudatus, 
havanensis  and  E.  calycif lorus  in  the  plankton  of  the  lake.  All  Keratel la 
genus  previously  reported  were  found  again.  Kellicottia  boston iens is  and 
Platyias  quadricornis  were  also  reported  both  then  and  now. 

Poyarthra  species  data  were  in  agreement  in  the  two  studies  with  exception 

f.*  i^eniata  and  the  K  minor  reported  previously.  (Polyarthra  proloba 

previusly  reported  (Turner  1980)  is  considered  a  form  of  the  species  K 

dol ichoptera  and  P^.  vulgaris,  and  should  not  be  considered  a  true  species  in 
the  previous  list.) 

F i 1 i n i a  longiseta  was  found  in  this  study  and  was  reported  as  F i 1 i n i a 

1 imnetica  in  the  previous  study..  More  properly,  this  animal  should  be  called 
F i 1 i n i a  Togiseta  1 imnetica  (Zacharias).  Conochi lus  dossaurius  and  C. 
hippocrepis/unicornis  appeared  in  both  studies. 

Synchaeta  pectinata  was  the  only  one  of  this  genus  found  in  the  plankton. 
(Synchaeta  curvata  reported  in  1980  however,  is  a  salt  water  species  and  was 

probably  a  misidentif ied  form  of  S.  pectinata. ) 
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APPENDIX 

List  of  Plankton  Rotifers  Found  1n  Lake  Maury,  Newport  News,  Va. 


Phylum  Aschelminthes 
Subclass  Eurotatoria 
Superorder  Monogononta 
Order  Ploimida 


(265) 

(220) 

165/30 

(260) 

215/90 

(360) 

(80-320) 

125/25 

(80-320) 

205/60 

(190) 

200/55 

(360) 

400 

(560) 

(350) 

(120/110) 

150/120 

(120/150) 

110/110 

(160/130) 

220/150 

(420) 

350 

(600) 

850 

(1000) 

500 

(875) 

700 

(275/500) 

(375) 

(400) 

Family  Brachionidae 

Platyias  quadricornis  (EHRENBERG) 

Brachionus  caudatus  BARROIS+DADAY 
I.*  havanensis  ROUSSELET 
calyciflorus  PALLAS 
Keratella  cochlearis  cochi  ear is  GOSSE 
K.  cochlear is  (large  form) 

K.  crassa  AHLSTROM 

Kel 1 icottia  bostoniensis  (ROUSSELET) 

Family  Trichocercidae 
Trichocerca  cylindrica  (IMHOF) 

T.  Jennings j  VOIGT 
Family  Synch aetidae 
Polyarthra  vulgaris  CARLIN 
f.*  dol  ichoptera  IDELSON 
£,*  euryptera  (WIERZJSKI) 

Synchaeta  pectinata  EHRENBERG 
Family  Asplanchnidae 

Asplanchna  (Asplanchnella)  girodi  DE  GUERNE 
A.  (A. )  brightwel 1 i  GOSSE 
A.  priodonta  GOSSE 

Order  Gnesiotrocha,  Suborder  Floscularicea 
Family  Filiniidae 

Filinia  longeseta  1 imnetica  (ZACHARIAS) 
Family  Conochi lidae 
Conochilus  dossaurius  HUDSON 
C.  unicornis/hippocrepis  (ROUSSELET/SCHRANK) 


*  AVERAGE  BODY  LENGTH/AVERAGE  SPINE  OR  PADDLE  LENGTH 

(_ _ /  )-FR0M  LITERATURE  _ J _ ^-PERSONALLY  OBSERVED 
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ABSTRACT 

Adult  horse  flies  and  deer  flies  ( Tabanidae : Diptera )  were 
collected  during  1977-79.  Geograhic,  host,  and  seasonal  distri¬ 
bution  records  are  presented  for  forty-eight  species  and  subspe¬ 
cies.  Seventy-nine  new  county  records  and  two  new  state  records 
(T.  marginalis  and  T.  limbatinevris )  are  reported. 


INTRODUCTION 

Members  of  the  family  Tabanidae  are  commonly  referred  to  as 
horse  flies  and  deer  flies.  The  group  is  worldwide  in 
distribution  being  found  on  all  continents  except  Antarctica. 
They  also  are  unknown  from  Hawaii,  Greenland,  and  Iceland 
(Pechuman  1973).  The  insects  are  considered  noxious  because  of 
their  annoying  bites  and  because  they  are  capable  of  being 
vectors  of  several  diseases  of  man  and  animals.  Pechuman  (1973) 
reports  that  little  is  known  about  the  relationships  of  tabanids 
and  diseases  in  Virginia.  However,  he  acknowledges  that 
anaplasmosis  of  cattle,  equine  infectious  anemia  of  horses  and 
hog  cholera  are  diseases  present  in  Virginia,  and  in  other  states 
tabanids  have  been  shown  to  transmit  mechanically  the  causative 
organisms  of  these  diseases. 

In  many  areas  of  eastern  Virginia  the  biting  habits  of  deer 
flies  severely  interfere  with  outdoor  activity  from  May  through 
early  August.  Man,  wild  game,  and  domestic  animals  may  be 
severely  bitten  and  the  success  of  current  control  measures  is 
modest . 

Pechuman  (1973)  published  keys  to  the  species  of  Tabanidae 
in  Virginia  and  included  their  known  geographical  and  seasonal 
distribution  for  the  state.  Additional  surveys  have  added  two 
new  state  records  and  282  new  county  records  (Allen  1974;  Allen 
and  Pechuman  1975,  1976,  1977). 
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PROCEDURES 

Random  and  systematic  collection  of  adults  were  made  by  a 
number  of  collectors  primarily  during  1977-79.  Most  were 
collected  with  12"  aerial  nets  but  a  few  were  taken  with  COg 
baited  Maltese  traps  or  with  the  Pechuman  canopy  trap  (Pechuman 
1972).  Specimens  were  killed  using  Vapona®  resin  strips  and 
pinned  for  later  identification.  Identifications  were  made  by 
L.  L.  Pechuman  at  Cornell  University. 
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RESULTS  AND  DISCUSSION 

Forty-eight  species  and  subspecies  are  listed  with  two  new 
state  records  and  79  new  county  records  for  Virginia.  The  data 
include  seasonal  distribution  in  counties  previously  known  to  be 
infested.  New  state  records  are  Tabanus  marginalia  Fabricius  and 
T.  limbatinevris  Macquart.  Males  of  Goniops  chrysocoma  (Osten 
Sacken),  Chrysops  moechus  Osten  Sacken,  Hamatabanus  carolinensis 
(Macquart),  Hybomitra  dif ficilis  (Wiedemann),  Tabanus  atratus 
atratus  Fabricius,  T.  petiolatus  Hine,  T.  quinquevi ttatus 
Wiedemann,  T.  subsimi li s  subsimi li s  Bellardi,  and  T.  sulcif rons 
Macquart  are  reported.  Specimens  taken  from  15  watt  black  light 
traps  include  Hamatabanus  carolinensis  (Macquart),  Tabanus 
sackeni  Fairchild,  and  T.  subsimilis  subsimilis  Bellardi.  The 
species  collected  using  Pechuman  canopy  traps  baited  with  CO2  (dry 
ice)  include  Chrysops  f lavidus  Wiedemann,  Tabanus  petiolatus 
Hine,  T.  quinquevi ttatus  Wiedemann,  T.  sparus  milleri  Whitney, 
and  T.  sulcif rons  Macquart.  Unbaited  Pechuman  traps  attracted 
Hybomitra  lasiophthalma  (Macquart),  Tabanus  lineola  Fabricius,  T. 
quinquevi t a ttus  Wiedemann,  Tabanus  sackeni  Fairchild,  and  T. 
similis  Macquart.  An  unusual  predator/prey  record  is  reported 
for  Chrysops  vi ttatus  vittatus  Wiedemann.  The  specimen  of 
Chrysops  dorsopunctatus  Fairchild  represents  a  significant 
extension  of  the  range  for  this  species. 

COLLECTION  RECORDS 

(New  county  records  are  designated  with  an  asterisk) . 

Goniops  chrysocoma  (Osten  Sacken) .  Floyd  County*,  JRV,  July  21, 
1978;  Montgomery  County*,  BCK,  July  9,  1977;  and  Smyth 

County*,  KCB,  August  13,  1979.  The  Floyd  County  specimen  was 

a  female  associated  with  eggs  on  vegetation  above  a  stream. 
The  Montgomery  County  specimen  was  a  male. 

Chrysops  beameri  Brennan.  Rappahannock  County*,  WAA,  July  14, 
1977. 

Chrysops  brimleyi  Hine.  Swamp  near  Chavan  River,  Gates  County, 
North  Carolina,  JRV,  May  7,  1977. 
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Chrysops  callidus  Osten  Sacken.  Halifax  County,  BCK,  June  8, 
1978;  North  Anna  River  at  falls,  Louisa  County*,  BCK,  June  2, 

1977,  Lake  Anna  near  Environmental  Research  Station,  BCK, 
June  3,  1977,  and  South  Anna  River,  Rt.  522,  BCK  and  CRP, 
July  5,  1977;  Montgomery  County,  WAA,  June  4,  1977,  June  11, 

1978,  JAW,  June  9,  1978;  and  Pulaski  County,  WAA,  May  29, 

1977. 

Chrysops  calvus  Pechuman  and  Teskey.  Giles  County*,  LLP,  June 

23,  24,  1981. 

Chrysops  cincticornis  Walker.  Spring  Creek,  Charlotte  County*, 
BCK,  May  18,  1978;  Mountain  Lake  Biological  Station,  Giles 

County*,  BCK,  June  26,  1977;  and  Montgomery  County,  KCB,  June 

2,  1978.  Also  at  a  swamp  near  Chavan  River,  Gates  County, 

North  Carolina,  JRV,  May  7,  1977. 

Chrysops  dorsopunctatus  Fairchild.  Caroline  County*,  BCK,  July 

24,  1979.  This  species  previously  was  known  only  from 
Alabama,  Florida,  Georgia,  Louisiana,  and  South  Carolina. 

Chrysops  f lavidus  Wiedemann.  Isle  of  Wight  County*,  WAA,  July 

24,  1977;  and  Lake  Anna,  Louisa  County*,  BCK,  July  20,  1977. 
The  Louisa  County  specimen  was  collected  in  a  CO2  baited 
Pechuman  canopy  trap, 

Chrysops  geminatus  Wiedemann.  Bland  County*,  WAA,  July  7,  1977. 

Chrysops  macquarti  Philip.  Brunswick  County,  WAA,  June  4,  1977; 

along  Potts  Creek  on  vegetation,  Rt.  600,  Craig  County*,  BCK, 
June  26,  1977;  Culpeper  County*,  BCK,  July  7,  14,  1979; 
Gloucester  County*,  WAA,  July  25,  1977;  South  Anna  River, 

Hanover  County*,  BCK,  August  2,  1978;  Madison  County*,  WAA, 

July  14,  1977;  Allens  Creek,  Mecklenburg  County*,  WAA,  June  2, 
1977;  Montgomery  County,  WAA,  June  30,  1974;  and  Rappahannock 
County,  WAA,  July  14,  1977.  The  host  of  the  Montgomery  County 
specimen  was  a  dog. 

Chrysops  moechus  Osten  Sacken.  A  male  taken  along  New  River,  Rt. 
58,  Grayson  County*,  BCK,  June  19,  1977;  North  Anna  River, 

Hanover  County*,  BCK,  June  12,  1978;  Lee  County*,  BCK,  July  8, 
1979;  Pulaski  County,  DJR,  July  26,  1979;  and  Allens  Creek, 
Mecklenburg  County*,  WAA,  June  2,  1977. 

Chrysops  niger  Macquart.  Little  River,  Floyd  County*,  BCK,  June 

8,  1978;  Madison  County*,  MPP,  June  16,  1977;  Montgomery 

County,  KAL,  May  8,  and  WAA,  May  14,  26,  and  June  4,  1977, 

VPI&SU  campus,  BCK,  May  15,  1977,  Brush  Mountain,  BCK,  May  21, 
1977,  ELA,  May  27  and  June  3,  9,  10,  12,  1978,  KCB,  June  2,  6, 

9,  1978,  DJS,  June  9,  1978;  Patrick  County*,  BCK,  May  21, 

1978;  Pulaski  County*,  WAA,  May  29,  1977;  Richmond  County*, 
WAA,  May  25,  1978;  and  Tazewell  County,  BCK,  June  8,  1978, 

Burkes  Garden,  BCK,  June  10,  1978. 

Chrysops  obsoletus  Wiedemann.  Northumberland  County,  WAA,  July 

25,  1977. 

Chrysops  shermani  Hine.  Locust  Spring,  Highland  County*,  BCK, 
August  8,  1978;  Poverty  Hollow,  Montgomery  County*,  BCK,  July 

10,  1977;  and  Russell  County*,  BCK,  August  24,  1979. 

Chrysops  univittatus  Macquart.  Isle  of  Wight  County,  WAA,  July 
24,  1977;  Lancaster  County,  WAA,  August  2,  1978;  and 

Montgomery  County,  WAA,  July  3,  1977,  D2f,  July  4,  1978. 
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Chrysops  vittatus  vittatus  Wiedemann.  Augusta  County*,  MPP,  July 

14,  1977;  Bland  County*,  WAA,  July  7,  1977;  Brunswick  County, 

WAA,  June  4,  1977;  Culpeper  County*,  BCK,  July  14,  1979; 

Gloucester  County*,  WAA,  July  25  and  27,  1977;  South  Anna 

River,  Hanover  County,  BCK,  August  2,  1978;  Isle  of  Wight 

County,  WAA,  July  24,  1977;  Lancaster  County,  WAA,  July  25, 
1977;  Madison  County*,  WAA,  July  14,  1977;  Middlesex  County, 

WAA,  July  25,  1977;  Nottoway  County,  PJE,  June  27,  1977;  and 

Rappahannock  County,  WAA,  July  14,  1977.  The  specimen 
collected  in  Gloucester  County  on  July  27,  1977  was  an  unusual 
record.  It  had  been  captured  by  a  vespid,  Vespula  maculata 
(L),  and  is  therefore  presumed  to  be  a  part  of  its  diet.  The 
host  of  the  Augusta  County  specimen  was  a  pig. 

Hamatabanus  carolinensi s  (Macquart) .  Oceana,  Independent  City  of 
Virginia  Beach,  (previously  Princess  Anne  County),  WAA,  June 

15,  29,  1977.  A  male  and  a  female  were  taken  on  the  29th  and 

a  single  male  was  collected  on  the  15th.  All  were  collected 
in  15  watt  black  light  traps. 

Hybomi tra  dif f icilis  (Wiedemann).  Culpeper  County*,  BCK,  July  7, 
1979;  Little  Stony  Creek,  Giles  County*,  BCK,  June  24,  1978; 

North  Anna  River,  Louisa  County*,  BCK,  June  12,  1978; 

Montgomery  County,  JAW,  May  27,  1978,  ELA,  July  10,  1978; 

Burkes  Garden,  Tazewell  County*,  BCK,  June  10,  1978,  Route 

662,  June  8,  10,  1978;  and  Warren  County*,  SV>/B,  June  11,  1976. 
The  Louisa  County  record  was  a  male  as  was  one  of  the  four 
specimens  collected  in  Giles  County. 

Hybomitra  lasiophthalma  (Macquart).  Little  River,  Floyd  County*, 
BCK,  August  8,  1978;  Montgomery  County,  WAA,  June  4,  1977, 
KCB,  June  2,  1978;  and  Route  40,  Pittsylvania  County,  BCK, 

June  8,  1978.  The  specimen  collected  by  KCB  was  taken  from  an 
unbaited  Pechuman  trap. 

Hybomi tra  microcephala  (Osten  Sacken) .  A  teneral  female  from 

Highland  County*,  BCK,  August  8,  1978. 

Hybomitra  tri spi la  (Wiedemann).  South  Anna  River,  Rt .  522, 
Louisa  County*,  CRP,  July  5,  1977. 

Tabanus  americanus  Forster.  Botetourt  County,  GLC,  July  20, 
1977,  collected  on  a  horse;  and  Gloucester  County,  WAA,  July 
25,  1977. 

Tabanus  aranti  Hays.  Mecklenburg  County*,  WAA,  June  4,  1977. 

Tabanus  atratus  atratus  Fabricius.  South  Anna  River,  Hanover 
County*,  BCK,  August  2,  1978;  Montgomery  County,  Blacksburg, 

PWL,  July  21,  1977,  WAA,  June  5,  1978,  MWA,  August  2,  1978  and 
JM,  August  15,  1978.  The  specimens  collected  by  PWL  and  WAA 

were  males. 

Tabanus  calens  Linnaeus.  Botetourt  County*,  GLC,  July  29,  31, 

1977,  and  August  4,  6,  1977;  Giles  County*,  BCK,  April  22, 

1978;  South  Anna  River,  Rt.  657,  Hanover  County*,  BCK,  August 
19,  1977,  and  September  13,  1978;  Rt .  522,  Louisa  County,  BCK, 
September  12,  1978;  and  Montgomery  County,  JAW,  September  13, 
1979.  A  specimen  collected  from  Jefferson  County,  Georgia  on 
August  7,  1977  also  was  submitted  by  SWB .  The  date  of 

collection  for  the  Giles  County  specimen,  April  22,  is 
extremely  early  for  this  species.  The  earliest  previous 
record  of  collection  in  Virginia  was  August  5  and  it  is 
generally  considered  to  be  a  late-season  species. 
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Tab anus  fulvulus  Wiedemann.  Culpeper  County*,  BCK,  July  1 ,  14, 

25,  1979;  Staunton  River  State  Park,  Halifax  County,  ELA,  July 
14,  1977;  Lake  Anna,  Louisa  County*,  BCK,  August  1,  1978;  and 

Mecklenburg  County,  WAA,  June  4,  1977. 

Tab anus  limbatinevri s  Macquart.  Botetourt  County*,  GLC,  July  20, 
1977;  Caroline  County*,  BCK,  July  25,  1979.  The  Botetourt 

County  collection  is  a  new  state  record. 

Tabanus  lineola  Fabricius.  Caroline  County,  BCK,  July  25,  1979 

Staunton  River  State  Park,  Halifax  County,  ELA,  July  14,  1977; 
Montgomery  County,  WAA,  August  2,  1978;  and  Southampton 

County,  WAA,  July  24,  1977.  The  Montgomery  County  specimen 

was  a  melanistic  form  taken  in  an  unbaited  Pechuman  canopy 
trap . 

Tabanus  marginali s  Fabricius.  Giles  County*,  LLP,  June  23,  1981. 
This  is  a  new  state  record. 

Tabanus  melanocerus  Wiedemann.  Gloucester  County,  WAA,  July  25, 
1977;  and  Middlesex  County,  WAA,  July  25,  1977 

Tabanus  molestus  molestus  Say.  Rt .  654,  Hanover  County*,  BCK, 

June  12,  1978;  South  Anna  River,  Rt .  522,  Louisa  County,  CRP , 
July  5,  1977;  Brush  Mountain,  Montgomery  County,  SWB,  June  15, 
1975;  and  Nottoway  County,  PJE,  July  18,  1977. 

Tabanus  molestus  mixi s  Philip.  Caroline  County*,  PJM,  July  25, 
1979;  Culpeper  County*,  BCK,  July  14,  1979;  Staunton  River 

State  Park,  Halifax  County,  ELA,  July  14,  1977;  North  Anna 

River,  Louisa  County*,  BCK,  June  12,  1978;  and  Dismal  Swamp 

Jerico  Ditch  Lane,  City  of  Suffolk,  (previously  Nansemond 
County),  SWB,  May  21,  1977. 

Tabanus  mulari s  Stone.  Goochland  County,  BCK,  August  6,  1979. 

Tabanus  nigrescens  Palisot  de  Beauvois.  Gloucester  County*,  WAA, 
July  25,  1977;  Staunton  River  State  Park,  Halifax  County*, 

ELA,  July  14,  1977  and  JTW,  July  9,  1979;  Blacksburg, 
Montgomery  County,  JAW,  August  3,  1977,  Whitethorne,  RLP, 

August  6,  1974;  and  Rockbridge  County,  MPP,  July  11,  1977. 

Tabanus  nigripes  Wiedemann.  Goochland  County*,  BCK,  August  3, 

1979;  and  Montgomery  County,  WAA,  July  10,  1978  and  MWA, 
August  1,  1978. 

Tabanus  pallidescens  Philip.  Caroline  County,  PJM,  July  25, 
1979;  and  Lee  County*,  BCK,  July  8,  1979. 

Tabanus  petiolatus  Hine.  Louisa  County*,  BCK,  July  20,  1977  and 
Middlesex  County*,  WAA,  July  25,  1977.  The  Louisa  County 

specimen  was  a  male  taken  in  a  CO2 baited  Pechuman  canopy  trap. 

Tabanus  proximus  Walker.  Southampton  County*,  WAA,  July  24, 
1977. 

Tabanus  pumi lus  Macquart.  Poverty  Hollow,  Montgomery  County, 
BCK,  July  10,  1977  and  KCB,  June  27,  1978. 

Tabanus  quinquevittatus  Wiedemann.  Augusta  County*,  DJR,  July  1, 

1979;  Botetourt  County,  GLC,  July  20,  1977;  Caroline  County, 

BCK,  July  25,  1979;  Cumberland  County*,  BCK,  August  3,  1979; 

Little  River,  Floyd  County*,  BCK,  July  18,  1978;  Goochland 

County*,  BCK,  August  3,  1979;  South  Anna  River,  Hanover 

County*,  BCK,  August  2,  1978;  Louisa  County,  BCK,  July  20, 

1977;  Lunenburg  County*,  JTW,  July  25,  1979;  and  Montgomery 

County,  MWA,  July  4,  31,  1977,  DJS,  July  4,  1978,  WAA,  July 
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14,  19  and  August  9,  1978.  The  host  of  the  Botetourt  County 

specimen  was  a  horse.  The  Louisa  County  specimen  was  a  male 
that  was  collected  from  a  CO2 baited  Pechuman  canopy  trap.  The 
Caroline  and  Lunenburg  County  specimens  also  were  males. 
Montgomery  County  specimens  by  WAA  were  from  an  unbaited 
Pechuman  canopy  trap. 

Tab anus  reinwardtii  Wiedemann.  Montgomery  County,  BCK,  August 
18,  1979. 

Tab anus  sackeni  Fairchild.  Bath  County*,  BCK,  September  11, 
1979;  Blacksburg,  Montgomery  County,  JAW,  August  3,  1977,  and 

July  13,  1979;  RCA  and  AFB,  August  16,  17,  1977,  DJS,  August 
13,  1978  and  BCK,  August  18,  1979.  The  specimens  from  RCA  and 
AFB  were  collected  in  a  black  light  trap  and  the  specimen  from 
DJS  was  collected  with  an  unbaited  Pechuman  canopy  trap. 

Tabanus  simi li s  Macquart.  Montgomery  County,  KCB,  June  2,  1978. 

The  specimen  was  collected  in  an  unbaited  Pechuman  canopy 
trap . 

Tabanus  sparus  mi 1 leri  Whitney.  Brunswick  County,  WAA,  June  4, 
1977;  Culpeper  County*,  BCK,  July  7,  14,  1979;  Louisa  County, 

BCK,  June  3,  July  20,  1977,  July  24,  1979,  and  CRP,  July  5, 

1977.  The  Louisa  County  specimen  was  collected  using  a 
baited  Pechuman  canopy  trap. 

Tabanus  subsimilis  subsimilis  Bellardi.  Caroline  County*,  BCK, 
July  24,  1979;  Middlesex  County*,  WAA,  July  25,  1977;  Oceana, 
Independent  City  of  Virginia  Beach,  (previously  Princess  Anne 
County),  WAA,  June  21,  1977.  The  collection  from  Middlesex 

County  was  an  aberrant  specimen  whose  scutellum  was  wholly 
dark.  The  specimen  from  Oceana  was  taken  from  a  15  watt  black 
light  trap.  The  Caroline  County  specimen  was  a  male. 

Tabanus  sulcif rons  Macquart.  Steeles  Tavern,  Augusta  County, 
BCK,  August  2,  1978;  Goochland  County*,  BCK,  July  26,  1979 

(typical)  and  August  3,  19,  (dark  form,  narrow  palpi)  1979; 

South  Anna  River,  Hanover  County,  BCK,  August  2,  1978; 

Staunton  River  State  Park,  Halifax  County,  ELA,  July  14,  1977 

and  July  26,  1978;  Louisa  County*,  BCK,  July  20,  1977; 

Montgomery  County,  ELA,  August  16,  1978;  and  Westmoreland 

County,  WAA,  August  21,  1968. 

Tabanus  super jumentarius  Whitney.  Pittsylvania  County*,  WAA, 
June  4,  1977. 

Tabanus  trlmaculatus  Palisot  de  Beauvois.  VPI&SU  campus, 
Montgomery  County,  BCK,  July  3,  1977. 
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Appendix  1.  Taxonomic  List. 

1.  Family  Phacotacea  through  Family  Coelastraceae  (p.  267) 
should  follow  Family  Chlamydomonadacea  (p,  263) 

2.  Family  Oocystacea  (p.  263)  should  follow  Family  Coelastracea  (p.  267) 

3.  Insert  Order  Tribonematales 

Family  Tribonemataceae 

Tribonema  bombyclnum  (Ag)  Derbes  &  Solier  2,  5 

to  follow  Order  Heterococcales  (p.  266)  (This  organism  was  omitted  from 
the  publication). 

4.  Order  Rhizosoleniales  (p.  267)  should  follow  Order  Eupodiscales  under  Class 
Bacillariophyceae  (pp.  266-267) 

5.  Neidium  bisculcatum  (Largerst)  Cleve  (p.  270)  should  follow  Neidium  affine  var. 
amphirhynchus  (Ehr. )  Cleve  under  Order  Navicuales  (p.  268) 

6.  Order  Epithemiales  and  Order  Nitzschiales  (p.  271)  should  follow  Order 

Navicuales  (p.  270) 

7.  Nitzschia  linearis  var.  tennis  W.  Smith  (p.  268)  should  follow  Nitzschla 
f asiculata  Grunow  under  Order  Nitzschiales  (p.  271) 

8.  Order  Peridinales  (p.  271)  should  follow  Order  Gymnodiniales  (p.  270) 

NOTE  -  We  wish  to  apologize  for  this  inconvenience,  but  somehow  errors  were  made 
in  the  transcription  from  the  original  list.  We  will  be  happy  to  send  a 
complete  original  listing  upon  request.  Please  write:  B.  R.  Woodson,  Jr., 
Lincoln  University,  Lincoln  University,  PA  19352 
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Insolation  and  Turbidity  Measurements  at  Hampton,  Va. 

D.  A.  Whitney,  D.  D.  Venable,  and  T.  J.  Griffin* 

Department  of  Physics  and  Engineering  Studies 
Hampton  University,  Hampton,  Virginia  23668 

ABSTRACT 

The  results  of  a  two  and  one-half  year  period  of  insolation  components  and 
turbidity  measurements  at  Hampton  University  are  presented.  Average  monthly 
values  of  global  and  diffuse  solar  irradiance  on  a  horizontal  surface,  atmos¬ 
pheric  emittance  on  a  horizontal  surface,  and  direct  solar  irradiance  on  a 
surface  normal  to  the  direct  beam  of  the  sun  are  tabulated.  The  ratios  of 
hourly  values  of  diffuse  solar  irradiance  to  direct  solar  irradiance  are 
compared  with  atmospheric  turbidity  coefficients.  An  increase  in  the  aerosol 
optical  depths  at  380,  500  and  875  nm  and  in  the  ratio  of  hourly  global  to 
direct  solar  irradiance  occurred  upon  the  arrival  of  the  volcanic  dust  cloud 
from  El  Chi  chon  in  November  1982. 


INTRODUCTION 

The  solar  energy  measurement  station  established  at  Hampton  University, 
Hampton,  Virginia  was  operated  from  February  1981  through  July  1983  in  order  to 
obtain  data  for  the  development  and  testing  of  solar  insolation  models.  An  ob¬ 
servation  platform  for  solar  and  atmospheric  radiation  measurements  was  estab¬ 
lished  on  the  roof  of  Turner  Hall  (latitude  37.02°  N,  longitude  76.34°  W,  and 
elevation  24  meters)  February  15,  1981.  Two  obstructions  greater  than  five 
degrees  and  less  than  ten  degrees  above  the  horizon  existed:  a  radio  tower  and 
a  smokestack.  All  data  affected  by  these  obstructions  were  removed  from  the 
data  set  and  subsequent  analyses.  Routine  hourly  integrated  measurements  were 
made  of  global,  diffuse,  and  direct  solar  irradiances  and  of  atmospheric 
emittance.  After  the  data  acquisition  was  computer  automated  in  February  1982, 

one-minute  integrated  radiometric  data  were  also  recorded.  This  data 

acquisition  system  was  described  in  detail  by  Blakey  and  Venable  (1982)  and  by 
Whitney,  et  al .  (1982)  but  is  summarized  below.  Preliminary  information  about 
the  solar  radiation  measurement  program  was  presented  by  Griffin  et  al .  (1982) 
at  a  meeting  of  the  Virginia  Academy  of  Science. 

Cloud  cover  fractions  were  obtained  by  analyzing  whole-sky  photographs  and 
satellite  photoprints,  as  well  as  by  visual  observations.  The  results  of  the 
correlation  of  global  insolation  with  measured  cloud  cover  fractions  have  been 

reported  in  detail  by  Whitney  and  Griffin  (1983)  and  will  not  be  repeated  here. 


INSTRUMENTATION 

Global  and  diffuse  solar  irradiance  on  a  horizontal  surface  were  each 
measured  by  an  Eppley  Precision  Spectral  Pyranometer  (PSP)  with  a  hemispherical 
WG7  Schott  glass  dome.  One  PSP  was  mounted  in  a  horizontal  orientation  on  an 
Eppley  Solar  Tracker  and  Occulting  Disk  System  for  measurement  of  diffuse’  solar 
irradiance.  Direct  solar  irradiance  was  measured  with  an  Eppley  Normal  Inci¬ 
dence  Pyrheliometer  (NIP)  mounted  on  a  Solar  Tracker.  Downward  atmospheric 
emittance  was  measured  with  an  Eppley  Precision  Infrared  Radiometer  (PIR)  in  a 
horizontal  orientation.  Turbidity  measurements  in  several  narrow  wavelength 
regions  were  made  with  a  Volz  Sunphotometer  under  clear  sky  conditions. 


*Currently  with  Computer  Sciences  Corporation,  Silver  Springs,  Maryland. 
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Measurement  frequency  and  wavelength  range  information  for  each  instrument  are 
provided  in  Table  I  below. 

TABLE  I:  HAMPTON  UNIVERSITY  SOLAR  ENERGY  MEASUREMENT  SUMMARY 
For  the  Period  February  1981  to  August  1983 


Measurement 

Instrumentation 

Data  Frequency 

Start  Date 

SOLAR 

IRRADIANCES 

G1 obal 

Eppley  PSP  with  WG7 
clear  glass  dome 
(0.285  to  2.8  pm) 

Hourly  integrated  and 
continuous  chart 
One-minute  integrated* 

Feb.  17,  1981 

Feb.  1,  1982 

Direct 

Eppley  NIP  with  quartz 
glass  on  solar  tracker 
(0.285  urn  to  4.5  urn) 

Hourly  integrated  and 
continuous  chart 
One-minute  integrated* 

Oct.  1,  1981 

Feb.  1,  1982 

Diffuse 

Eppley  PSP  with  WG7 
dome  &  occulting  disk 
(0.285  pm  to  2.8  pm) 

Hourly  integrated  and 
continuous  chart 
One-minute  integrated* 

Oct.  1,  1981 

Mar.  1,  1982 

ATMOSPHERIC 

PROPERTIES 

Downward 

Emittance 

Eppley  PIR 
(0.2  pm  to  50  pm) 

Hourly  integrated  and 
continuous  chart 
One-minute  integrated* 

Mar.  18,  1981 

Mar.  1,  1982 

Turbidity  and 
Aerosol  Optical 
Depths 

Volz  Sunphotometer 
with  380,  500,  875 
and  940  nm  f i 1 ters 

Approximately  one  hour 
intervals  for  clear 
sky  conditions 

Mar.  24,  1981 

*  After  March  13,  1982  the  computer  automated  radiometric  data  sampling  rate 
was  set  at  one-minute  from  0400  to  2000  EST  and  at  ten-minutes  between  2000  and 
0400  EST. 


Each  radiometer  was  calibrated  prior  to  delivery  by  the  manufacturer. 
Subsequent  calibrations  were  performed  by  comparison  to  secondary  or  primary 
standards  at  either  Hampton  University  or  at  Eppley  Laboratory.  The  pyrge- 
ometer  (PIR)  and  the  pyranorneters  were  recalibrated  at  Eppley  Laboratory  twice 
during  the  two  and  one-half  year  period  of  use.  The  pyranorneters  were  also 
compared  twice  a  year  with  one  another  by  comparison  of  three-day  integrated 
global  irradiance  totals  after  side-by-side  operation  under  nearly  clear  skies. 
A  change  in  calibration  standards  at  Eppley  Laboratory  in  October  1981 
accounted  for  an  apparent  2.6  percent  change  in  sensitivity  factor  for  the  PSP 
instruments  and  required  that  data  obtained  prior  to  that  date  be  adjusted  to 
standardize  the  data  set.  The  calibrations  at  Eppley  Laboratory  showed  a 
sensor  degradation  in  each  PSP  of  approximately  0.1%  per  month.  A  linear 
correction  factor  between  calibration  dates  for  each  instrument  was  calculated 
and  used  for  the  monthly  averages  presented  in  Table  II.  The  NIP  was 
calibrated  by  comparison  to  an  Eppley  Hickey-Freiden  Absolute  Cavity 
Pyrhel iometer . 

The  Eppley  digital  integrators  were  interfaced  to  a  Tektronix  4051 
microcomputer  which  sampled  the  integrated  emittance  and  irradiance  values 
periodically.  The  whole-sky  camera  system  was  triggered  by  computer  command  at 
preset  times  so  that  the  date  and  time  of  each  photograph  became  part  of  the 
data  record  stored  on  magnetic  tape.  The  strip  chart  recorder  traces  were  used 
to  evaluate  missing  hour-values  in  the  data  record.  Monthly  data  records  were 
carefully  scanned  for  various  errors,  and  then  average  hourly  integrated  values 
were  calculated. 
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INSOLATION  AND  TURBIDITY  DATA  RESULTS 

The  corrected,  mean  daily  downward  atmospheric  emittance  and  global, 
direct,  and  diffuse  solar  irradiances  are  listed  in  Table  II  for  each  month  of 
operation  from  February  1981  through  July  1983.  Insufficient  data  for 
meaningful  averages  are  indicated  by  dashes  in  the  table  and  occurred  during 
extensive  calibration  periods  and  before  the  solar  tracking  devices  were  fully 
operational.  Plots  of  average  hourly  insolation  components  for  each  of  these 
months  were  presented  by  Whitney,  et  al .  (1983)  and  are  too  numerous  to  present 
here. 


Volz  sunphotometer  (Volz, 1974)  data  were  used  to  obtain  atmospheric  tur¬ 
bidity  parameters  (a  and  b)  and  aerosol  optical  depths  at  380,  500,  and  875  nm. 
Average  turbidity  parameters  and  optical  depths  are  listed  in  Table  III  for 
each  month  during  the  measurement  period.  Each  value  is  the  monthly  mean  of 
individual  measurements  or  calculations.  Aerosol  optical  depths  at  the  mea¬ 
sured  wavelengths  were  calculated  using  the  following  equation  (Coul son, 1975) : 

=  (1/M)  [  In  (F  Iq/I)  -  K  (  +  Tq)]; 

where,  is  the  aerosol  optical  depth,  M  is  the  optical  air  mass,  Iq  is  the 
extraterrestrial  irradiance  at  mean  solar  distance,  I  is  the  irradiance 
measured  with  the  sunphotometer,  F  is  the  correction  factor  for  the  sun-earth 
distance,  K  is  the  correction  factor  for  differing  optical  path  at  M  ^  2.5, 

T„  is  the  Rayleigh  optical  depth,  and  Tq  is  the  ozone  optical  depth.  The 
optical  depths  and  air  masses  are  calculated  from  the  raw  sunphotometer  mea¬ 
surements. 


As  shown  in  Figure  1  the  aerosol  optical  depths  at  500  nm  followed  a 
fairly  common  annual  variation  with  a  peak  during  the  summer  months.  The  solid 
line  in  the  figure  represents  the  average  monthly  values  for  the  December  1980 
through  October  1982  measurement  period.  Considerable  variability  in  aerosol 
populations  from  day  to  day  contributed  to  the  rms  variations  indicated  in  the 
figure.  Within  this  range  the  annual  variation  in  the  optical  depths  at  500  nm 
shows  very  good  agreement  from  December  1980  through  October  1982.  The 
increase  from  October  to  November  1982,  and  on  into  the  following  Spring,  is 
more  than  one  standard  deviation  in  x^  and  is  thus  indicative  of  higher 
extinction  by  atmospheric  aerosols  than  normal  for  this  period. 


The  turbidity  coefficient  B  is  a  measure  of  the  quantity  of  aerosol 
particles  in  the  atmosphere.  This  coefficient  is  calculated  from  the  aerosol 
optical  depth  at  wavelength  x  using  the  following  empirical  equation  given  by 
Angstrom  (1961): 


where,  x  is  the  wavelength  in  microns  and  a  is  the  Angstrom  wavelength 
exponent.  The  values  of  a  and  6  presented  in  Table  III  are  calculated  from  the 
380,  500  and  875  nm  data  using  a  least  squares  technique.  The  monthly  mean 
values  for  B  plotted  in  Figure  2  displayed  a  maximum  during  the  summer  much 
like  the  optical  depths  at  500  nm  shown  in  Figure  1.  The  solid  line  in  Figure 
2  reflects  the  December  1980  through  October  1982  monthly  means  and  indicates 
good  agreement  in  the  coefficients  during  this  period.  The  amount  of  aerosols 
indicated  by  the  turbidity  coefficient  decreased  in  the  autumn  through  the 
spring  season  as  represented  by  the  December  1980  through  May  1982  data, 
however,  in  November  1982,  B  values  sharply  increased.  For  the  period, 
November  1982  through  April  1983,  the  mean  monthly  turbidity  coefficient  and 
the  optical  depths  at  380,  500  and  875  nm  increased  more  than  one  standard 
deviation  above  the  corresponding  mean  values  for  the  prior  months  and,  all 
these  parameters  returned  to  the  previous  behavior  in  May  1983.  This  increase 
could  have  been  due  to  the  effect  of  volcanic  particles  released  into  the 
stratosphere  from  the  eruptions  of  El  Chichon  in  Mexico  during  April  1982  since 
this  volcanic  dust  cloud  reached  the  Hampton  Roads  area  during  the  month  of 
November. 
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TABLE  II:  AVERAGE  DAILY  TOTAL  IRRADIANCE*  SUMMARY 


Month 

Year 

Global 
Irradi ance 

(kJm 

Diffuse 

Irradiance 

(kJm”^) 

Direct 

Irradiance 

(kJm"^) 

Atmospherii 

Emittance 

(kJm”^ 

March 

1981 

15,610 

_ 

_ 

19,242 

Apri  1 

11 

19,814 

- 

30,773 

May 

II 

19,919 

- 

- 

32,425 

June 

11 

22,604 

- 

- 

37,285 

July 

II 

21,971 

- 

- 

37,746 

August 

M 

18,457 

- 

- 

35,701 

September 

11 

18,378 

- 

- 

33,264 

October 

II 

12,852 

5,155 

- 

30,114 

November 

II 

9,292 

3,838 

- 

27,288 

December 

II 

6,426 

2,808 

“ 

25,567 

January 

1982 

7,697 

3,899 

10,552 

24,379 

February 

M 

9,965 

4,637 

10,634 

26,600 

March 

II 

14,188 

5,911 

13,219 

26,896 

Apri  1 

II 

19,174 

7,110 

15,095 

28,458 

May 

II 

22,997 

10,105 

17,708 

33,757 

June 

II 

21,301 

11,225 

12,848 

36,169 

July 

II 

21,629 

- 

14,087 

- 

August 

II 

19,199 

- 

13,450 

32,742 

September 

II 

15,966 

7,798 

12,866 

31,086 

October 

II 

11,635 

5,508 

12,013 

28,087 

November 

M 

8,831 

4,396 

10,300 

26,532 

December 

II 

6,131 

3,222 

7,538 

25,286 

January 

1983 

8,017 

3,783 

9,990 

22,961 

February 

11 

10,539 

4,828 

10,958 

22,945 

March 

II 

13,150 

6,190 

10,163 

25,954 

Apri  1 

II 

17,605 

8,051 

12,254 

26,902 

May 

II 

22,624 

10,083 

16,330 

27,515 

June 

11 

24,421 

10,787 

17,395 

31,648 

July 

II 

25,027 

10,577 

19,681 

33,880 

*  Global  and  diffuse  solar  irradiance  and  the  downward  atmospheric  emittance 
were  measured  on  a  horizontal  surface,  whereas,  direct  solar  irradiance  was 
measured  on  a  plane  perpendicular  to  the  direct  solar  beam. 
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TABLE  III:  AVERAGE  AEROSOL  OPTICAL  DEPTHS  AND  TURBIDITY  PARAMETERS 


Month  & 

No.  of 

Ave.  Aerosol 

Optical 

Depth  -  T 

Turbidity  Parameters 

Year 

Points 

(3  380nm 

@  500  nm 

@  875  nm 

a 

6 

Dec.  1980 

6 

0.26 

0.12 

0.06 

1.67 

0.05 

Feb.  1981 

7 

0.28 

0.12 

0.08 

1.47 

0.06 

Mar. 

30 

0.33 

0.15 

0.08 

1.58 

0.06 

Apr. 

26 

0.35 

0.16 

0.11 

1.28 

0.08 

May 

6 

0.41 

0.19 

0.13 

1.23 

0.10 

June 

10 

0.94 

0.57 

0.27 

1.45 

0.22 

July 

21 

0.79 

0.51 

0.29 

1.18 

0.25 

Aug. 

28 

1.11 

0.70 

0.32 

1.51 

0.26 

Sep. 

43 

0.54 

0.27 

0.15 

1.42 

0.12 

Oct. 

19 

0.30 

0.11 

0.10 

1.12 

0.08 

Nov. 

9 

0.28 

0.10 

0.09 

1.24 

0.06 

Dec. 

1 

0.29 

0.14 

0.08 

1.54 

0.06 

Jan.  1982 

19 

0.36 

0.15 

0.10 

1.32 

0.08 

Feb. 

6 

0.33 

0.08 

0.11 

1.09 

0.07 

Mar. 

44 

0.47 

0.18 

0.15 

1.24 

0.11 

Apr. 

18 

0.32 

0.08 

0.12 

0.87 

0.09 

May 

9 

0.54 

0.20 

0.21 

0.92 

0.16 

June 

25 

0.86 

0.43 

0.29 

1.11 

0.23 

July 

15 

1.19 

0.70 

0.40 

1.21 

0.32 

Aug. 

35 

1.34 

0.86 

0.47 

1.22 

0.39 

Sep. 

4 

0.65 

0.25 

0.16 

1.57 

0.12 

Oct. 

16 

0.41 

0.17 

0.14 

1.13 

0.10 

Nov. 

6 

0.60 

0.28 

0.19 

1.16 

0.15 

Dec. 

10 

0.45 

0.24 

0.18 

1.00 

0.14 

Jan.  1983 

13 

0.41 

0.20 

0.18 

0.91 

0.14 

Feb. 

13 

0.55 

0.29 

0.21 

1.04 

0.17 

Mar. 

6 

0.58 

0.25 

0.22 

1.01 

0.17 

Apr. 

17 

0.67 

0.32 

0.27 

0.97 

0.22 

May 

68 

0.64 

0.15 

0.23 

0.90 

0.16 

June 

15 

1.01 

0.43 

0.32 

1.21 

0.25 

Figure  3  shows  the  correspondence  between  6  and  the  diffuse  to  direct 
radiation  ratio  using  the  integrated  irradiances  for  each  hour  containing  a 
turbidity  measurement  during  1982.  The  solid  straight  line  drawn  in  the  figure 
represents  the  results  of  a  linear  least  squares  fit  to  the  data.  Diffuse 
solar  irradiance  is  equivalent  to  the  difference  between  global  insolation  and 
direct  irradiance  on  a  horizontal  surface.  However,  the  linear  correlation 
coefficient  was  found  to  decrease  from  0.978  to  0.913  when  the  direct  radiation 
on  a  horizontal  surface  was  used  in  the  analysis. 

The  Angstrom  wavelength  exponent  a,  is  a  measure  of  aerosolsize 
distribution,  with  a  large  value  indicating  domination  by  small  particles  and  a 
small  value  indicating  domination  by  large  particles.  The  mean  value  of  this 
exponent  for  period  prior  to  November  1982  is  1.29  ±  0.21  which  is  in  very  good 
agreement  with  the  typical  values  of  1.3  ±  0.2  (Angstrom,  1961).  The  low 
values  for  this  parameter  during  the  winter  of  1982  could  be  indicative  of  the 
presence  of  volcanic  dust  particles. 

CONCLUSIONS 

The  instrumentation,  frequent  maintenance  and  alignment  of  solar  tracking 
devices,  and  calibration  record  make  the  solar  and  atmospheric  radiation  data 
presented  here  part  of  a  high  quality  solar  energy  data  set.  The  sensitivity 
of  these  measurements  is  shown  by  effects  consistent  with  the  arrival  of  a 
volcanic  dust  cloud  originating  in  Mexico.  The  amount  of  diffuse  relative  to 
direct  solar  irradiance  was  found  to  be  directly  related  to  aerosol  populations 
as  measured  by  the  Angstrom  turbidity  coefficient.  As  the  amount  of  atmos¬ 
pheric  aerosols  increased,  diffuse  irradiance  increased  and  direct  solar  ir¬ 
radiance  decreased.  Thus  the  amount  of  atmospheric  dust  and  other  aerosols 
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could  possibly  be  deduced  by  observing  their  effect  upon  the  distribution  of 
solar  irradiance  components.  The  linear  relationship  between  the  diffuse  to 
direct  solar  irradiance  ratio  and  the  Kngstrom  turbidity  coefficient  B  suggests 
that  turbidity  data  could  be  used  to  estimate  the  relative  amounts  of  clear  sky 
diffuse,  global  and  direct  irradiances. 
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NN  00S  iV  nvi 


The  Mean  Monthly  Atmospheric  Aerosol  Optical  Depths  at  500  nm  and  rms  variations 
are  plotted  for  December  1980  through  June  1983.  The  solid  line  reflects  the  average 
monthly  behavior  established  from  December  1980  through  October  1982. 
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Fig.  2. 

The  Mean  Monthly  Atmospheric  Turbidity  Coefficient  are  piotted  for  December  1980 
through  June  1983.  The  solid  line  reflects  the  average  monthly  behavior  estabiished  trom 

December  1980  through  October  1982. 
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Diffuse  (DF)  to  Direct  (DR)  Solar  Irradiance  Ratios  for  the  hour  containing  each  turbi¬ 
dity  measurement  are  compared  to  the  Angstrom  Turbidity  Coefficient  B  for  156  mea¬ 
surements  during  the  1982  calendar  year.  The  dashed  lines  represent  90%  confidence 
intervals.  The  best  fit  line  has  the  equation  of  DF/DR  =  1.68  B  -0.05  with  a  correlation 
coefficient  of  0.978  and  variance  of  0.00361. 
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ABSTRACT 


This  study  was  conducted  to  evaluate  the  impact  of  construction  of  small, 
low-head  ponds  on  a  stream.  The  ponds  tended  to  act  as  heat  exporters  during 
most  of  the  year.  Below  the  ponds,  temperature  was  increased  an  average  of 
2°C  with  a  concurrent  decrease  in  dissolved  oxygen.  The  decrease  in  oxygen 
was  temperature  related  since  there  was  no  decrease  in  saturation,  and  no 
change  in  suspended  solids  nor  total  organic  carbon  concentrations  below  the 
ponds.  The  ponds  acted  as  energy  exporters  during  April  -  September  but 
energy  sinks  during  the  other  periods  of  the  year. 

Physio-chemical  changes  were  accompanied  by  changes  in  biotic  components 
but  observed  changes  did  not  appear  to  be  entirely  explained  by  physio- 
chemical  changes  induced  by  the  ponds.  Overall  benthic  invertebrate 
population  and  biomass  estimates  were  higher  in  summer  and  fall  and  lower  in 
winter  and  spring  below  the  ponds.  Taxa  that  fed  on  larger  particle  size 
organic  matter  tended  to  be  reduced  in  numbers  and  weight  in  all  seasons. 

Total  estimated  numbers  of  fish  were  lower  below  the  ponds  in  all  seasons 
except  winter,  but  total  biomas  was  higher  in  all  seasons.  The  lower  numbers 
resulted  primarily  from  a  large  decrease  in  rosyslde  dace  below  the  ponds. 


INTRODUCTION 


Impoundments  cause  many  changes  in  the  downstream  environment.  For  large 
reservoirs,  important  downstream  effects  include  changes  in  flow  patterns 
(Neel,  1963),  reduction  of  turbidity  (Neel,  1963;  Morris  et  al . ,  1968;  Soltero 
et  al . ,  1973  ),  changes  in  temperature  regimes  (Pfitzer,  1954;  Neel,  1963; 
Spence  and  Hynes,  1971a;  Lehmkuhl,  1972),  increased  growth  of  attached  algae 
(Neel,  1963),  changes  in  chemical  characteristics  of  the  water  (Dendy  and 
Stroud,  1949;  Spence  and  Hynes,  1971a;  Lehmkuhl,  1972;  Soltero  et  al . ,  1973) 
and  changes  in  the  species  composition  and  diversity  of  invertebrates  and  fish 
(Morris  et  al . ,  1968;  Bacon  et  al . ,  1969;  Spence  and  Hynes,  1971a,  1971b; 
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Ward,  1974).  Few  studies  have  specifically  addressed  the  impact  of  small, 
low-head  ponds  on  their  water  supply  streams. 

In  general,  the  effects  of  small  impoundments  can  be  categorized  as 
effects  on  energy  dynamics  and  on  physiochemical  dynamics,  effects  of 
introduced  materials  (substrates  not  associated  with  normal  stream 
metabolism),  barriers  to  movement  of  aquatic  species,  and  foci  of  introduction 
of  aquatic  species.  We  attempted  to  evaluate  these  factors  in  a  small 
Virginia  stream. 


STUDY  AREA 


The  study  areas  were  located  on  a  first  order  (mean  annual  flow  0.031 
m^/sec)  tributary  of  Mill  Creek,  Patrick  County  (Dan  River  Drainage)  located 
on  the  Reynolds  Homestead  Research  Center,  1 . 2  km  north  of  Critz,  Virginia 
(Figure  1).  The  drainage  basin  ranged  from  310  to  591  m  in  elevation, 
encompassed  432  ha,  and  had  a  southeasterly  exposure.  The  stream  was 
intermittent  above  an  elevation  of  329  m.  The  permanent  section  was  1.8  km 
long.  The  upper  800  m  passed  through  mixed  deciduous  forest  and  undergrowth. 
The  1000  m  section  traversing  the  Reynolds  Homestead  flowed  through  brush 
thickets  bordered  by  grass  fields  and  forest. 

Two  0.2-ha  ponds  were  constructed  adjacent  to  the  stream  in  1974.  A 
concrete  diversion  structure  directed  the  entire  normal  flow  of  the  stream 
into  individual  water  supplies  for  each  pond.  Each  pond  discharged 
independently  into  the  original  stream  channel  through  a  surface-draw 
standpipe . 


MATERIALS  AND  METHODS 


Monthly  water  samples  (September  1975-August  1976)  for  alkalinity, 
hardness,  nitrate,  total  phosphate,  filterable  orthosphophate  and  total  and 
dissolved  solids  were  collected  in  acid-  and  water-washed  plastic  containers. 
Total  organic  carbon  samples  were  collected  in  300-ml  BOD  bottles  and 
preserved  with  1.5  ml  concentrated  HCl. 


Dissolved  oxygen  was  analyzed  by  the  azide  modification  of  the  Winkler 
technique.  Nitrate  concentrations  were  measured  by  the  cadmium  reduction 
method.  Persulfate  digestion  was  used  in  total  phosphate  analysis,  and 
phosphate  concentrations  were  measured  by  the  ascorbic  acid  method  in  both 
analyses.  EDTA  titration  was  used  to  measure  hardness.  Solids  were  dried  at 
105°C  for  24  hr  and  weighed  to  the  nearest  mg.  All  analyses  were  performed  by 
Standard  Methods  (American  Public  Health  Association  1971). 

Physiochemical  measurements  upstream  and  downstrean  were  compared  with 
the  Wllcoxon  signed  rank  test  for  paired  data  (Hollander  and  Wolfe,  1973). 

Data  from  above  and  below  the  ponds  were  compared  over  the  production  season 
(April-September )  and  the  nonproduction  season  (October-March)  and  also 
annually . 

We  sampled  benthic  macroinvertebrates  quarterly  from  single  locations 
above  and  below  the  ponds  that  were  matched  by  substrate  and  flow.  A  0.33  m^ 
modified  Hess  sampler,  and  a  three-run  depletion  type  population  estimator 
(Carle  and  Maughan,  1980)  were  used  to  make  samples.  Samples  were  preserved 
in  40%  isopropyl  alcohol  and  the  organisms  were  identified  to  the  lowest 
feasible  taxa.  Each  taxon  was  pooled  for  all  three  depletion  runs,  dried  in  a 
Buchner  suction  funnel,  and  weighed  to  the  nearest  0.1  mg.  The  benthic 
macroinvertebrate  taxa  collected  were  divided  into  functional  ecological 
groups,  on  the  basis  of  the  work  of  Cummins,  (1973);  Hynes,  (1972);  Bay, 
(1974);  and  Minckley,  (1963). 
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Fish  populations  were  sampled  quarterly  in  three  contiguous  50  m 
sections,  above  the  ponds  and  three  below  the  ponds.  Stations  were  matched 
for  substrate  and  flow  and  no  habitat  changes  occurred  over  the  course  of  the 
study.  Each  section  was  isolated  with  0.6  cm  mesh  netting  and  fish  were 
collected  with  240  v  dc  backpack  shocker  for  three  runs.  Fish  were  weighed  by 
species  to  the  nearest  0.1  g  and  returned  to  the  stream.  We  followed  the  same 
procedures  in  making  fish  population  estimates  that  were  used  for  benthic 
population  estimates. 


RESULTS 


The  mean  temperature  increase  below  the  ponds  was  2  C,  the  largest 
increase  (4.5  C)  occurred  in  February  when  a  short  period  of  exceptionally 
warm  (>  20  C+)  weather  occurred  (Table  1).  This  warm  weather  would  not  be 
typical  and  the  data  collected  may  not  be  entirely  representative  of  normal 
conditions.  Temperatures  were  lower  below  than  above  the  ponds  in  December, 
January,  and  March.  Dissolved  oxygen  was  always  significantly  lower  below 
than  above  the  ponds;  however,  the  percent  saturation  was  not  significantly 
different  (Table  1). 

Concentrations  of  dissolved  solids  V7ere  higher  above  the  ponds  except 
during  the  production  season  (Table  1).  Total  solids  were  significantly 
higher  below  the  ponds,  but  suspended  solids  did  not  differ  significantly 
above  and  below  them. 


Total  benthic  raacroinvertebrate  densities  were  higher  below  the  ponds  in 
July  and  October,  but  lower  below  the  ponds  in  January  and  April  (Table  2). 

In  all  sampling  periods  total  biomass  of  benthic  macroinvertebrates  was  higher 
below  than  above  the  ponds  (Table  3).  In  two  sampling  periods,  however, 

Tipula  abdominalis,  a  large  dipteran  larvae,  occurred  only  below  the  ponds. 
This  species  composed  0.6%  of  the  estimated  population  by  number  and  89.2%  of 
the  estimated  biomass  in  January  and  0.1%  by  number  and  51.7%  by  weight  in 
April.  Exclusion  of  abdominalis  from  January  and  April  samples  below  the 
ponds  produced  biomass  estimates  that  were  lower  than  for  the  stream  above  the 
po  nd  s . 

Seven  species  of  fish  were  collected  in  the  stream,  of  which  five  were 
native  to  the  stream:  (Phoxinus  oreas)  mountain  redbelly  dace,  (Clinostomus 
f unduloides),  rosyside  dace,  (Semotilus  atromaculatus)  creek  chub,  (Nocomis 
leptocephalus )  bluehead  chub,  and  (Etheostoma  flabellare)  fantall  darter. 
Bluegills  (Lepomis  macrochirus)  and  fathead  minnows,  Pimephales  promelas)  were 
Introduced  into  the  ponds  and  escaped  to  the  stream. 

Three  species — oreas,  f unduloides,  and  f alabellare  —were  found 

above  and  below  the  ponds  during  all  sampling  periods.  Bluegills  and  fathead 
minnows  were  found  only  below  the  ponds.  Semotilus  atromaculatus  occurred 
more  frequently  than  1^.  leptocephalus  above  the  ponds  but  leptocephalus 
occurred  more  frequently  than  atromaculatus  below  the  ponds. 

Total  estimated  numbers  of  fish  were  lower  below  the  ponds  in  all 
sampling  periods  except  January  (Table  4).  Clinostomus  f unduloides ,  the 
dominant  species  above  the  ponds,  was  found  in  significantly  lower  numbers 
below  the  ponds  (P  =  0.015;  modified  Friedman's  test,  multiple  observations 
per  cell,  blocked  by  season,  for  a  directional  hypothesis,  W.  Pirie,  personal 
comm.).  Semotilus  atromaculatus  and  leptocephalus  if  considered  ecological 
equivalents  and  data  pooled,  were  found  in  significantly  higher  numbers  below 
the  ponds  than  above  them  (P  <  0.001).  Pnoxinus  oreas  was  found  in  higher 
numbers  below  the  ponds  but  difference  were  not  significant  (0.06  <  P  <  0.07). 

Total  fish  biomass  was  higher  below  the  ponds  in  all  sampling  periods 
(Table  4).  Clinostomus  funduloides  biomass  was  lower  below  the  ponds,  but 
this  decrease  was  offset  by  higher  biomass  of  oreas ,  flabellare ,  and  the 
combined  biomass  of  atromaculatus  plus  F[.  leptocephalus . 
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DISCUSSION 


In  general,  temperatures  were  higher  and  oxygen  lower  below  than  above 
the  ponds  during  most  of  the  year.  Warmer  downstream  temperatures  are 
probably  the  result  of  input  of  waters  that  have  been  warmed  by  the  sun  in  the 
ponds.  The  reduction  in  dissolved  oxygen  below  the  ponds  appeared  to  be 
related  entirely  to  temperature;  percent  saturation  remained  constant  above 
and  below  the  ponds,  and  there  was  no  increase  in  suspended  solids  or  total 
organic  carbon  concentrations  below  the  ponds  that  might  indicate  an  input  of 
oxygen  demanding  material.  The  impact  of  the  ponds  on  physiochemical  dynamics 
in  the  system  seemed  to  be  small.  However,  there  seemed  to  be  slight 
increases  in  the  amplitude  of  seasonal  fluctuations.  Ney  and  Mauney  (1981) 
found  invertebrate  standing  crops  were  much  higher  in  the  tailwaters  below 
than  in  the  stream  above  a  reservoir  but  also  found  instabilitiy  in  the 
downstream  community. 

The  increase  in  benthic  population  below  the  ponds  in  summer  and 
fall  could  be  interpreted  to  result  from  an  increase  in  the  available  energy 
during  some  seasons.  One  possible  source  of  increased  downstream  energy  would 
be  drift  from  the  ponds.  Ney  and  Mauney  (1981)  have  reported  drift  densities 
70  times  upstream  values  in  a  Virginia  tailwater.  Benthic  populations 
decreased  during  winter,  probably  as  the  result  of  entrapment  of  organic 
matter  by  the  ponds.  Ney  and  Mauney  (1981)  saw  similar  results  in  another 
Virginia  tailwater  and  hypothesized  that  a  cycle  of  entrapment  and  release 
from  the  reservoir  were  responsible.  During  spring  the  upstream  and 
downstream  benthic  populations  were  similar  and  it  appeared  that  entrapment 
losses  were  approximately  balanced  by  output  from  the  ponds.  Other  evidences 
for  energy  changes  below  the  pond  were  the  disproportionately  higher  numbers 
of  suspension  feeders  and  other  organisms  adapted  to  collecting  deposits  of 
small-particle  organic  matter  coupled  with  lower  numbers  of  large  particle 
shredders  below  the  ponds.  One  possible  explanation  is  that  there  was  a  net 
decrease  in  the  size  of  the  particulate  organic  matter  below  the  ponds. 

An  increase  in  available  energy  downstream  was  also  indicated  by  a 
general  Increase  in  numbers  and  biomass  of  all  fish  species  except 
f unduloides .  However,  species-specific  responses  of  f unduloides ,  S_» 

atromaculatus  and  f^.  leptocephalus  cannot  be  explained  entirely  by  food 
changes,  and  may  have  resulted  from  competitive  interactions.  Slight 
temperature  changes  as  seen  below  the  ponds  could  also  possibly  be  responsible 
for  these  species  shifts.  The  food  of  rosyside  dace  is  probably  similar  to 
that  of  Clinostomus  elongatus ,  redside  dace,  which  feed  primarily  on 
terrestrial  insects  (Trautman  1957).  The  availability  of  terrestrial  insects 
was  probably  unaltered  below  the  ponds,  but  if  there  were  generally  increased 
aquatic  food  supplies,  the  Increase  in  numbers  of  opportunists  may  have  placed 
rosyside  dace  at  a  competitive  disadvantage.  The  food  of  atromaculatus  and 
leptocephalus  are  similar  (Lachner  and  Jenkins  1971;  Scott  and  Crossman 
1973;  and  Pflieger  1975),  and  Pflieger  (1975)  believes  that  creek  chubs  are 
not  good  competitors.  The  predominance  of  leptocephalus  below  the  pond  may 

indicate  that  they  were  able  to  outcompete  atromaculatus  in  the  area  where 

both  species  had  access.  Ney  and  Mauney  (1981)  also  found  elevated  standing 
stocks  of  fishes  in  a  tailwater  and  saw  several  shifts  in  abundance.  They 
hypothesized  that  these  changes  could  result  from  energy  inputs  from  the 
reservoir  during  certain  seasons. 
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Table  1.  Mean  and  range  of  physiochemical  factors  above  and  below  two  small 
ponds  on  a  tributary  of  Mill  Creek,  Patrick  County,  Virginia.  The  supercript 
a  means  annual  values  were  statistically  higher  below  than  above  ponds,  b 
means  annual  values  were  statistically  lower  below  than  above  ponds,  c  means 
production  season  values  were  statistically  higher  above  than  below  ponds,  d 
means  values  were  not  tested  statistically,  e  means  nonproduction  season 


values  were  statistically  higher 
were  no  significant  differences. 

below  than  above 

ponds,  and  NS  means  there 

Factor 

Above 

Below 

Mean 

Range 

Mean 

Range 

Temperature  ( ®C) 

14,3 

5.5-21.0 

15.66a 

5.0-22.5 

Dissolved  oxygen  (mg/1) 

9.8 

8.3-11.4 

9.3b 

00 

T 

O' 

r" 

Total  organic  carbon  (mg/1) 

1.0 

0.4-4. 5 

2.00c 

0.1-3. 5 

Total  solids  (mg/l) 

148 

5-1065 

170a 

15-1190 

Dissolved  solids  (mg/l) 

128 

0-1065 

177d 

10-1100 

NO3  (mg/l) 

0.02 

0.002-0.0075 

0.046 

0.02-0.082 

0rtho-P04  (mg/l) 

0.016 

0.005-0.0036 

0.013c 

0-0.036 

Total~P04  (mg/l) 

0.09 

0.008-0.18 

0.106 

0.04-0.21 

Hardness  (mg/l  of  CaC03/l) 

20.9 

16-27 

25.8a 

20.5-32 

Alkalinity  mg/l  of  CaC03/l) 

11.6 

0-21 

13.4  NS 

0-19.5 

Discharge  (m^/s) 

0.016 

0.006-0.020 

0.03ld 

0.010-0.050 
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Table  2.  Estimated  seasonal  population  densities  of  benthic  macroinvertebrate  populations  per  0,33 
meter  (percent  of  group  in  parenthesis)  by  ecological  group,  above  (A)  and  below  (B)  two  small 
ponds  on  a  tributary  stream  of  Mill  Creek,  Patricks  County,  Virginia. 


Group 

Seasons 

Fall 

Winter 

^ring 

Summer 

A 

B 

A 

B 

A 

B 

A 

B 

Suspension  feeders 

118 

290 

41 

29 

56 

123 

129 

695 

(12.4) 

(16.5) 

(3.8) 

(8.5) 

(2.5) 

(6.6) 

(4.6) 

(16.6) 

Shredders 

17 

26 

72 

28 

249 

96 

109 

95 

(1.8) 

(1.5) 

(6.7) 

(8.2) 

(11.3) 

(5.1) 

(3.9) 

(2.3) 

Scrapers 

651 

979 

532 

153 

1152 

1115 

1968 

2524 

(68.5) 

(55.6) 

(49.7) 

(45.0) 

(52.2) 

(59.7) 

(70.6) 

(60.3) 

Predators 

15 

33 

17 

9 

74 

82 

29 

182 

(1.6) 

(1.9) 

(1.6) 

(2.7) 

(3.3) 

(4.4) 

(1.0) 

(4.3) 

Deposit  Collectors 

12 

63 

5 

0 

42 

70 

6 

35 

(1.3) 

(3.6) 

(0.5) 

(0.0) 

(1.9) 

(3.7) 

(0.2) 

(0.8) 

Un identified 

137 

370 

403 

121 

636 

383 

545 

658 

(14.4) 

(21.0) 

(37.7) 

(35.6) 

(28.8) 

(20.5) 

(19.6) 

(15.7) 

Total 

950 

1761 

1070 

340 

2209 

1869 

2786 

4189 

Table  3.  Estimated  biomass  in  mg  of  benthic  macroinvertebrates  per  0.33  meters^  by  ecological 

group  above  (A)  and  below  (B)  two  small  ponds  on  a  tributary  stream  of  Mill  Creek,  Patrick 

County,  Virginia.  Numbers  in  parenthesis  Indicate  values  after  exclusion  of  Tipula  abdotnlnalis . 

Seasons 

Group 

Fall 

Winter 

Spring 

Summer 

A 

B 

A 

B 

A 

B 

A 

B 

Suspension  feeders 

124.0 

314.4 

103.1 

58.8 

230.2 

96.4 

126.5 

1290.9 

Shredders 

29.9 

15.6 

159.6 

1703.8 

441.6 

1203.4 

574.3 

546.6 

(95.5) 

(30.9) 

Scrapers 

271.6 

395.7 

218.3 

79.4 

1383.0 

797.3 

339.3 

8  1356.9 

Predators 

9.4 

8.6 

1.7 

0.9 

30.6 

81.2 

2.2 

267,1 

Deposit  Collectors 

3.8 

57.4 

5.7 

,0.2 

32.8 

52.5 

0.5 

6.3 

Unidentified 

15.6 

46.6 

63.7 

2.9 

113.7 

35.5 

32.3 

105.4 

Total 

454.3 

838.3 

552.1 

1941.5 

2231.9 

2266.3 

1075.1 

2273.2 
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Table  4.  Seasonal  estimated  populations  and  (In  parenthesis)  biomass  in  milligrams  per  150  linear 
meters  of  stream  for  each  fish  species  above  and  below  two  small  ponds  on  a  tributary  stream  of 

Mill  Creek,  Patrick  County,  Virginia. 


Season _ 

October  January  April  July _ 

Above  Below  Above  Below  Above  Below  Above  Below 


Phoxinus  oreas 

313 

(468) 

1161 

(1361) 

438 

(744) 

903 

(1584) 

563 

(219) 

1194 

(2029) 

1063 

(888) 

3387 

(3513) 

Cllnostomus  funduloides 

12125 

(14000) 

2387 

(5590) 

2938 

(4094) 

2613 

(7477) 

8938 

(13313) 

2548 

(6452) 

14938 

(19619) 

2579 

(4626) 

Semotilus  atromaculatus 

125 

(1875) 

0 

750 

(4825) 

0 

2188 

(8119) 

548 

(2242) 

1063 

(5694) 

516 

(1819) 

Nocomis  leptocephalus 

63 

(294) 

1387 

(14371) 

0 

1817 

(17077) 

63 

(1100) 

2484 

(25477) 

0 

2452 

(13016) 

Pimephales  promelas 

0 

0 

0 

129 

(71) 

0 

0 

0 

65 

(136) 

Etheostoma  flabellare 

2938 

(3481) 

3355 

(5510) 

2750 

(5569) 

3741 

(8207) 

3625 

(4788) 

5548 

(7145) 

2500 

(2525) 

2968 

(3345) 

Lepomis  macrochirus 

0 

65 

(228) 

0 

129 

(1997) 

0 

258 

(3842) 

0 

226 

(2342) 

Total 

15564 

(20118) 

8355 

(26960) 

6876 

(15231) 

9332 

(36413) 

15377 

(27539) 

12580 

(47187) 

19564 

(28726) 

12193 

(28797) 

Sample  locations  and  general  location  in  the  state  where  study  was  conducted. 
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Development  of  a  Computer  Program  for 
Analyzing  Data  From  a  Nematode  Advisory  Service 

A.  P.  EUiott%  W.  F.  Ravlin^,  R.  L.  Wick^  and  N.  Walker^ 

ABSTRACT 

A  computer  program  was  developed  to  analyze  data  from  soil 
samples  processed  for  detection  of  nematode  problems  associated 
with  10  crops  in  50  counties  within  five  agricultural  regions  in 
the  State  of  Virginia.  The  following  variables  were  entered^ 
agricultural  region,  county,  laboratory  sample  number,  crop 
history  (previous  year  crop)  ,  crop  to  be  grown  (the  following 
year  crop)  and  nematode  density  per  genus.  A  statistical  analy¬ 
sis  systems  program  (SAS)  was  used  to  sort  data  and  calculate 
average  density  values  and  frequency  distributions  for  nematode 
genera  according  to  region,  crop  history,  crop  to  be  grown  and 
county,  respectively.  Nematodes  within  the  genera  of 

Meloidoqyne ,  Heterodera ,  Globodera ,  Tylenchorhynchus ,  Praty- 
lenchus ,  and  Hoplolaimus  were  most  frequently  associated  with 
fruit  production  sites.  Nematode  infested  fields  requiring  a 
nematicide  were  detected  in  27%,  48%,  44%,  48%,  19%,  4%,  86%, 

96%,  and  70%  of  the  corn,  soybean,  peanut,  tobacco,  small  grain, 
vegetable,  apple,  peach,  and  small  fruit  production  sites, 
respectively . 


INTRODUCTION 

Development  of  information  on  the  distribution  of  nematode 
problems  in  a  state  generally  requires  extensive  surveys  which 
are  costly  and  time  consuming.  Nematode  detection  programs 
designed  to  determine  kinds  and  numbers  of  plant  parasitic 
nematodes  in  agricultural  production  systems  and  to  provide 
nematode  control  recommendations  to  growers,  result  in  the 
accumulation  of  significant  data  on  origin  of  sample,  crop 
history  of  sampling  site,  crop  to  be  grown,  nematode  densities 
and  nematode  control  recommendations.  The  data  can  be  utilized 
as  a  valuable  data  base  to  provide  information  to  growers, 
agricultural  scientists  and  pest  management  specialists.  Comput¬ 
er  programs  for  storing,  sorting,  and  analyzing  data  from 
nematode  detection  programs  provide  efficient  methods  for  obtain¬ 
ing  information.  Data  from  nematode  detection  services  may  be 
used  as  an  interactive  on-line  extension  data  base  management 
system  (2)  by  Extension  personnel.  Similar  approaches  have  been 
developed  for  utilizing  data  from  insect  pest  management  programs 
(5)  . 
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The  objectives  of  this  project  were  to  develop  a  compu¬ 
terized  stored  data  base  of  information  on:  |a|  origin  of 
samples  for  nematode  detection^  i.e.,  the  region  of  the  state  and 
the  county  from  which  the  samples  were  obtained  (b)  the  associ¬ 
ated  crop  history#  defined  in  this  study  as  the  crop  most  recent¬ 
ly  grown  in  the  sampling  site  or  the  crop  associated  with  the 
sampling  site  at  the  time  of  sampling  Cc|  the  crop  to  be  grown# 
i.e*#  the  crop  which  would  be  planted  in  the  sampled  site  that 
may  be  affected  by  the  nematodes  detected  during  the  following 
growing  season#  (d)  the  nematode  densities  detected  per  genus  and 
(e)  the  nematode  control  recommendations  provided.  The  Program 
also  sorted  and  analyzed  the  data  to  provide  summarized  informa¬ 
tion  on  frequency  of  occurrence  of  nematode  genera#  maximum 
nematode  densities  detected#  average  nematode  densities  detected# 
and  nematode  control  recommendation  provided. 

PROCEDURES 

Collection  and  processing  of  soil  samples.  During  1981  fall 
and  1982  spring  seasons#  soil  samples  were  collected  by  growers 
and  sent  to  the  nematode  assay  laboratory  by  county  agents. 
Nematodes  were  extracted  from  samples  using  a  North  Carolina 
State  model  elutriator  Cl|  and  centrifugation  flotation  tech¬ 
niques  (4)  .  Nematodes  were  identified  and  counted  under 
stereoscopes.  The  kinds  and  numbers  of  nematodes  detected  were 
recorded  on  nematode  assay  report  forms  containing  information  on 
origin  of  samples  (grower#  county),  one  year  crop  history  and 
crop  to  be  grown  in  1982,  The  results  were  examined  and  nematode 
control  recommendations  (3)  were  recorded  on  these  forms.  Copies 
of  these  reports  were  returned  to  the  respective  growers  through 
county  agents. 

Storage  and  analyses  of  data.  For  the  purpose  of  developing 
a  computer  program  for  storage  and  analyses  of  data  from  the 
nematode  assay  service#  the  state  of  Virginia  was  divided  into 
five  regions;  1)  Tidewater#  2)  Piedmont#  3)  Northern  Neck,  4) 
Western#  and  5)  Shenandoah  (Figure  1)  .  Numerical  codes  were 
assigned  to  each  region  and  to  each  county  within  each  region 
from  which  samples  were  obtained  (Table  1).  Numerical  codes  were 
also  assigned  to  each  crop  and  each  nematode  control  recommenda¬ 
tion. 

The  Statistical  Analysis  System  (SAS)  computer  program  for 
storage  of  data  involved  entering  numerically  coded  data  on 
county#  region#  laboratory  number  of  sample#  crop  history#  crop 
to  be  grown#  nematode  densities  detected,  and  nematode  control 
recommendations.  Only  those  samples#  with  complete  information 
on  the  above  variables  were  stored  and  analyzed  by  this  program. 
Nematode  control  recommendations  were  coded  as  1  =  production  of 
the  crop  to  be  grown  should  not  be  affected  by  nematodes?  2  - 
nematodes  may  cause  crop  damage  if  growing  conditions  are  unfa¬ 
vorable#  and  a  nematicide  may  be  profitable?  3  -  nematodes  will 
probably  cause  crop  damage  and  a  nematicide  should  be  profitable? 
4  =  use  resistant  varieties#  and  5  -  use  crop  rotation.  When 
recommendation  codes  4  and  5  were  assigned  to  samples  they  were 
always  accompanied  by  recommendation  code  3  which  involved  the 
use  of  nematicides.  The  program  was  not  designed  to  sort  and 
analyze  multiple  control  recommendations.  Therefore  only  the 
first  three  nematode  control  recommendations  coded  1  to  3  were 
analyzed  by  this  program. 

ANALYSES  OF  DATA 

Five  sample  programs  were  developed  to  sort  and  analyze  the 
data  (Table  2)  .  The  programs  were  similar  in  format  and  con- 
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tained  statements  to  sort  data,  calculate  average  nematode 
densities  and  frequencies  of  nematode  occurrence.  The  programs 
also  generated  output  of  maximum  nematode  densities  and  standard 
deviations.  In  Program  1  data  associated  with  each  crop  to  be 
grown  averaged  over  all  counties  sampled  were  sorted  and  an¬ 
alyzed.  Program  2  provided  similar  information  for  nematodes 
associated  with  the  crop  history  averaged  over  all  counties 
sampled.  Program  3  provided  more  detailed  information  on 
nematode  densities  and  frequencies  for  each  crop  to  be  grown  in 
each  of  the  five  regions  of  the  state.  Program  4  provided 
similar  information  for  each  crop  history,  and  each  crop  to  be 
grown  in  each  country  sampled  in  each  of  the  five  regions  of  the 
state  (Table  2)  . 

To  conduct  the  analyses,  files  were  submitted  in  the  follow¬ 
ing  order  1)  main  driving  program  -  the  statistical  analysis 
systems  job  control  language  (SAS  JCL)  2)  data  files  containing 
information  on  the  samples  submitted  and  3)  programs  to  sort  and 
analyze  the  data  to  obtain  average  and  frequency  information. 
The  SAS  JCL  and  data  files  were  submitted  for  all  analyses,  but 
the  use  of  a  particular  sorting  program  depended  on  the  analysis 
desired. 

Mapping  the  distribution  of  nematodes  in  Virginia .  The 
procedure  for  mapping  the  distribution  of  nematodes  in  Virginia 
involved  the  use  of  a  SAS  program  for  plotting  the  map  of 
Virginia,  the  counties,  and  the  information  on  frequency  of 
occurrence  of  nematodes  in  each  county  which  was  obtained  from 
use  of  Program  5. 


RESULTS 

Results  from  analyses  of  data  using  Programs  1  and  4  and 
Program  5  to  map  the  distribution  of  nematodes  in  each  county  are 
presented  in  this  paper.  A  total  of  4891  samples  were  received 
for  the  1981-1982  season.  Since  1277  samples  were  not  labeled 
with  complete  information  on  origin,  associated  crop  history  and 
crop  to  be  grown,  only  data  from  3614  samples  with  complete 
information  were  stored  and  analyzed  by  this  program.  The 
largest  number  of  samples  was  obtained  from  the  Tidewater  region 
and  these  samples  were  generally  associated  with  soybean,  corn, 
and  peanut  (Table  1). 

Program  2  provided  information  for  the  development  of 
summaries  of  frequency  of  occurrence  and  maximum  and  average 
nematode  densities  associated  with  each  crop  history,  averaged 
over  all  50  counties  sampled  (Table  3)  .  The  plant  parasitic 
nematodes  most  frequently  detected  in  samples  were  in  the  genera 
of  Meloidoqyne ,  Heterodera ,  Globodera,  Pratylenchus , 
Belonolaimus ,  Macroposthonia ,  Tylenchorhynchus ,  Helicotylenchus , 
Hoplolaimus ,  Xiphinema ,  and  Trichodorus . 

Hoplolaimus  spp. ,  Xiphinema  spp.  and  Pratylenchus  spp.  were 
most  frequently  associated  with  fruit  production  sites.  Econom¬ 
ically  important  nematodes  associated  with  soybean  were 
Meloidogyne  spp.  Belonolaimus  sp. ,  Heterodera  spp. ,  Hoplolaimus 
spp.  and  Pratylenchus  spp. .  Predominant  important  nematodes 
associated  with  tobacco  were  Globodera  solanacearum,  Meloidoqyne 
spp.  and  Pratylenchus  spp.  (Table  3) . 

Analyses  of  data  with  Program  4  provided  information  on 
frequency  of  occurrence  and  maximum  and  average  densities  of 
nematodes  associated  with  each  crop  history  in  each  region  of  the 
state . 
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Nematode  frequencies  and  densities  associated  with  one  field 
crop  {soybean)  are  presented  as  an  example  of  the  information 
obtained  with  the  use  of  this  program  (Table  4) . 

The  most  frequently  occurring  genera  associated  with  soybean 
production  in  the  Tidewater  region  were  Tylenchorhynchus  (82%) ^ 
Meloidogyne  (37%)  Helicotylenchus  (42%) ^  Pratylenchus  (22%)  and 
Hoplolaimus  (17%)  .  Cyst  infestations  (Heterodera  glycines)  were 
detected  in  8%  of  the  fields  in  the  Tidewater  region. 
Meloidogyne  spp-  infestations  were  high  with  the  maximum  density 
of  13  770/500  soil  in  the  Tidewater  region  (Table  4)  . 

SUMMARY  OF  NEMATODE  CONTROL  RECOMMENDATIONS  FOR  1982  CROPS 
(PROGRAM  TO  SORT  AND  ANALYZE  BY  CROP  TO  BE  GROWN)  (Program  I) 

CORN 

Approximately  17%  of  the  fields  to  be  planted  with  corn  in 
1982  were  infested  with  nematode  densities  that  could  cause  crop 
damage  [Table  5,  Category  2].  Nematode  densities  were  above  the 
economic  thresholds  in  10%  of  the  corn  fields  and  nematicide 
usage  would  probably  be  profitable  [Table  5,  Category  3].  Since 
nematode  densities  were  below  the  economic  thresholds  in  73%  of 
the  fields,  production  of  corn  in  these  fields  in  1982  should  not 
be  detrimentally  affected  by  nematodes  [Table  5,  Category  1], 

SOYBEAN 

Nematode  problems  were  predicted  for  48%  of  the  fields  to  be 
planted  with  soybean  in  1982  [Table  5,  Category  2  and  3]  . 
Soybean  production  would  not  be  detrimentally  affected  by 
nematodes  in  52%  of  these  fields  [Table  5,  Category  1], 

PEANUT 

Densities  were  below  the  economic  threshold  in  56%  of  the 
peanut  fields  sampled  [Table  5,  Category  1],  while  44%  of  these 
fields  could  be  detrimentally  affected  by  nematodes  [Table  5, 
Category  2  and  3] . 

TOBACCO 

Nematode  problems  associated  with  Meloidogyne  spp.  and 
Globodera  solanacearum  nematodes  were  predicted  for  48%  of  the 
tobacco  fields  [Table  5,  Category  2  and  3].  Tobacco  production 
in  52%  of  these  fields  would  not  be  detrimentally  affected  by 
nematodes  [Table  5,  Category  1]. 


SMALL  GRAIN 


Nematode  problems  were  predicted  for  19%  of  the  small  grain 
wheat  fields  or  for  field  crops  following  small  grain  where 
double  cropping  is  practiced  [Table  5,  Category  2  and  3],  Small 
grain  production  should  not  be  detrimentally  affected  by 
nematodes  in  81%  of  the  fields  [Table  5,  Category  1]. 

VEGETABLE 

The  development  of  nematode  problems  in  4%  of  the  53  vegeta¬ 
ble  fields  was  predicted  [Table  5,  Category  2  and  3],  Losses 
from  nematodes  in  vegetable  production  should  not  occur  in  96%  of 
these  fields  [Table  5,  Category  1], 
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APPLE 


The  use  of  nematicides  would  be  necessary  to  reduce  loss  due 
to  high  densities  of  Hoplolaiinus  spp.  ,  Pratylenchus  spp.  ,  and 
Xiphinema  spp.  in  86%  of  the  apple  orchards  sampled  [Table  5, 
Category  2  and  3] .  Nematode  control  was  not  recommended  for  14% 
of  these  sites  [Table  5,  Category  1]. 

PEACH 

The  development  of  nematode  problems,  due  to  high  densities 
of  Pratylenchus  spp.,  Hoplolaimus  spp.,  Macroposthonia  spp.,  and 
Xiphinema  spp. ,  could  be  prevented  by  use  of  nematicides  in  96% 
of  23  peach  orchard  sites  [Table  5,  Category  2  and  3].  Nematode 
densities  in  4%  of  the  orchard  sites  were  low  and  would  not 
contribute  to  economic  losses  in  the  peach  orchards  [Table  5, 
Category  1 ] . 

SMALL  FRUIT 


Nematode  densities  associated  with  small  fruit  were  such 
that  nematode  problems  could  develop  in  70%  of  the  small  fruit 
sites  in  1982  and  the  use  of  a  nematicide  would  probably  be 
profitable  [Table  5,  Category  2  and  3].  Nematode  problems  were 
not  predicted  for  30%  of  these  small  fruit  sites  in  1982  [Table 
5 ,  Category  1 ] . 

Detailed  information  on  frequency  of  occurrence  and  nematode 
densities  in  each  county  for  each  crop  history  and  each  crop  to 
be  grown  was  obtained  with  Program  5  to  plot  the  distribution  of 
nematodes  in  Virginia  (Figures  2-11) .  Meloidogyne ,  Hoplolaimus , 
Tylenchorhynchus ,  Helicotylenchus ,  Pratylenchus  and 
Macroposthonia  species  were  widely  distributed  throughout  the 
southeast  and  the  Northern  Neck  region  of  the  state. 
Tylenchorhynchus  spp.  and  Helicotylenchus  spp.  were  also  widely 
distributed  throughout  all  regions  from  which  samples  were 
obtained  (Figures  2-11).  Globodera  solanacearum  was  detected 
only  in  the  Piedmont  tobacco  producing  region  (Figure  3)  while 
Heterodera  glycines  was  detected  only  in  counties  in  the 
Tidewater  region  (Figure  3). 


DISCUSSION 

Considerable  information  can  be  obtained  from  nematode  assay 
services  (Figure  12).  After  identification  and  nematode  control 
recommendations  are  made,  the  information  can  be  computerized  and 
stored,  and  used  to  develop  summaries  on  frequency  of  occurrence 
and  nematode  densities  associated  with  crop  histories  and  crops 
to  be  grown  the  following  season.  The  analyses  from  these 
programs  indicated  that  Tylenchorhynchus  spp.  and  Helicotylenchus 
spp.  were  the  most  widely  distributed  nematodes  in  agricultural 
regions  sampled.  Nematodes  of  economic  importance  associated 
with  field  crops  included  Meloidogyne  spp. ,  Macrosposthonia  spp. , 
Pratylenchus  spp. ,  Trichodorus  spp. ,  Hoplolaimus  spp. ,  and 
Heterodera  spp. ,  while  Hoplolaimus  spp. ,  Xiphinema  spp.  , 
Pratylenchus  spp. ,  and  Macroposthonia  spp.  were  predominant  in 
fruit  crops. 

With  additional  research  the  mapping  procedure  can  be 
expanded  to  map  distribution  of  specific  species  of  nematodes  in 
the  state.  This  information  can  be  stored  and  used  to  provide 
information  to  extension  plant  pathologists,  extension  agents, 
growers  and  integrated  pest  management  programs.  Research  needs 
for  nematologists  can  also  be  derived  from  the  stored  data,  and 
the  data  can  also  be  used  to  provide  information  to  the  State 
Department  of  Agriculture  and  other  agencies. 
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with  procedure  to  sort  and  analyze  data  by  region,  county,  crop  history  and  crop  to  be  grown. 


Table  3.  Summary  of  occurrence  and  population  densities  of  plant  parasitic  nematodes  in  crop  production 
_ sites  of  five  regions  in  Virginia. _ _ _ 

//of  Samples 

, Crop  (1981) Processed_ Plant  Parasitic  Nematodes/50Q  cm^  Soil 
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Table  4.  Occurrence  and  population  density  of  plant  parasitic  nematodes  in  soils  associated  with 
_ soybean  production.  _ _ _ 
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Table  5.  Summary  of  occurrence,  population  densities  of  plant  parasitic  nematodes  and  nematode  control 
_ recommendations  for  agricultural  production  systems  in  Virginia. _ _ _ 
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Production  of  the  crop  to  be  grown  should  not  be  affected  by  nematodes. 

Nematodes  may  cause  crop  damage  if  growing  conditions  are  unfavorable.  A  nematicide  may  be  profitable. 
Nematodes  will  probably  cause  crop  damage  and  a  nematicide  should  be  profitable. 
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FIGURE  LEGENDS 
Figure  1. 

Division  of  counties  in  the  State  of  Virginia  into  five  regions  for  the  Predictive  Assay 
Program. 

Figures  2-11. 

Distribution  of  Meloidogyne  —  (2),  Xiphinema  —  (3),  Pratylenchus  —  (4),  Heterodera 
and  Globodera  —  (5),  Belonolaimus  — ■  (6),  Macroposthonia  —  (7),  Tylenchorhynchus  — 
(8),  Trichodorus  —  (9),  Helicotylenchus  —  (10),  and  Hoplolaimus  —  (11)  in  Virginia. 
Legend  refers  to  the  frequency  of  occurrence  of  the  nematode  genus  in  each  county  i.e., 
the  number  of  fields  in  each  county  infested  with  the  nematode. 

Figure  12. 

Generation  and  flow  of  information  from  the  Predictive  Nematode  Assay  Program. 
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LEGEND:  FREQ- 
XIPHINEMA  SPP. 


LEGEND:  FREQ- 
BELONOLAfMUS  SPP 
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Virginia  Journal  of  Science 
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A  Flora  of  Hone  Quarry,  Rockingham  County,  Virginia 

Gerald  F.  Roe' 

College  of  William  and  Mary 
Williamsburg,  Virginia  23185 


ABSTRACT 

A  floristic  study  of  Hone  Quarry  watershed,  Rockingham 
County,  Virginia,  began  in  the  fall  of  1973  and  continued  until 
spring  of  1976.  Hone  Quarry  occupies  11  square  miles  of  the  Alle¬ 
gheny  Mountains  in  the  George  Washington  National  Forest.  A  total 
of  496  species  was  obtained,  representing  294  genera  and  91  fam¬ 
ilies.  The  study  yielded  372  county  records,  one  significant  phy¬ 
siographic  province  record  (Trillium  pusillum)  and  three  state 
records  (Epipactis  helleborine,  Ribes  lacustre  and  Dipsacus 
laciniatus ) . 


HISTORY  AND  HUMAN  USE 

Hone  Quarry  watershed  is  part  of  the  Dry  River  Ranger  Dis¬ 
trict  of  the  George  Washington  National  Forest.  It  was  acquired 
by  the  U.  S.  Forest  Service  between  1915  and  1919.  It  received 
its  name  from  a  small,  nearby  quarry  for  hone  stones,  the  locat¬ 
ion  unknown.  The  area  sustained  heavy  timbering  in  the  late  1800 's 
and  early  1900 's.  However,  a  bottomland  area  located  in  the  east¬ 
ern  portion  of  the  compartment  at  1900  feet  escaped  lumbering  be¬ 
cause  the  private  owner  would  not  permit  it.  In  1929  the  Forest 
Service  established  picnic  and  campgrounds  there,  and  this  small 
area  of  predominantly  virgin  hemlocks  remains  as  such  today. 

The  Forest  Service  at  the  time  of  this  writing  admits  no 
definite  future  plans  for  the  compartment,*  at  present  it  is  mainly 
used  for  recreational  purposes  and  open  to  the  public.  An  un¬ 
successful  drilling  attempt  for  natural  gas  was  made  in  the  flood- 
plain  about  two  miles  northwest  of  the  lake  in  1974.  A  grassy 
field  of  several  acres  created  by  clearing  remains.  Another  drill¬ 
ing  attempt  began  in  1977  on  Meadow  Knob. 


TOPOGRAPHY  AND  GEOLOGY 

The  western  boundary  of  Hone  Quarry  is  the  ridge  of  Shenan¬ 
doah  Mountain  which  borders  Pendleton  County,  West  Virginia.  The 
mountain  is  oriented  in  a  north  to  south  direction  and  descends 
gently  from  4000  feet  at  its  junction  with  Slate  Springs  Mountain 
on  the  north  to  3869  feet  at  Hone  Quarry  Ridge  on  the  south.  Hone 
Quarry  Ridge  descends  from  3869  feet  to  3200  feet  in  a  span  of  ap¬ 
proximately  four  miles  in  a  easterly  direction  and  then  more 
abruptly  drops  below  the  2000  foot  contour  at  the  eastern  boundary 
of  the  watershed.  Opposite  and  north  of  Hone  Quarry  Ridge,  the 
higher  Slate  Springs  Mountain  gradually  ascends  for  1.75  miles  in 
a  northeast  direction  to  4319  feet  at  Flagpole  Knob,  and  then 
curves  around  to  the  southeast  as  it  descends  for  four  miles  to 
3500  feet  at  Oak  Knob  after  which  it  drops  more  steeply  to  below 


^Present  Address:  Everglades  National  Park,  Homestead,  Florida  33030 
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the  2000  foot  contour  at  the  watershed's  eastern  boundary.  From 
the  eastern  slope  of  Shenandoah  Mountain  a  moderately  flat  flood- 
plain,  averaging  one-sixth  of  a  mile  wide,  develops  between  the 
ridges  and  descends  gently  for  four  miles  from  2400  feet  to  1600 
feet  at  the  eastern  boundary  of  the  watershed. 

The  watershed  faces  and  drains  eastward  into  the  Shenandoah 
Valley.  Hone  Quarry  Run,  the  principal  stream  in  the  watershed, 
originates  from  a  number  of  runnels  which  flow  down  Shenandoah 
and  Slate  Springs  Mountains  from  above  3000  feet.  The  stream 
flows  through  a  floodplain  where  an  earth  dam  forms  a  small  arti¬ 
ficial  lake.  Past  the  lake  and  near  the  forest  boundary.  Hone 
Quarry  Run  flows  into  Briery  Branch  Run  which  eventually  enters 
the  Shenandoah  River. 

The  principal  geologic  formation  (personal  communication 
with  William  R.  Waite,  soil  scientist  with  George  Washington  Nat¬ 
ional  Forest)  in  the  Hone  Quarry  watershed  is  the  Hampshire  For¬ 
mation.  Reddish-colored  soil,  a  distinctive  character  of  this  for¬ 
mation,  is  common.  This  formation  is  mostly  well-drained  sandy 
loam,  8-10  inches  deep,  along  with  some  shale  and  lumpy  mudrock. 
Two  different  soils  occur  in  association  in  the  Hampshire  for¬ 
mation:  Reddish  Knob  soils  which  occupy  the  lower  slopes  and  coves, 
and  the  Lehew  soils  which  are  on  the  upper  slopes,  noses  and 
ridges . 


CLIMATE 

The  climatological  data  (adapted  from  Climatological  Data, 
Environmental  Data  Service,  NOAA,  U.S.  Dept,  of  Commerce)  were 
recorded  from  three  miles  east  of  Timberville,  Virginia,  the  near¬ 
est  weather  station  to  Hone  Quarry.  Timberville  is  located  in  the 
Shenandoah  Valley  approximately  25  miles  northeast  of  Hone  Quarry 
watershed  and  7  miles  east  of  the  Allegheny  front.  Timberville ' s 
elevation  is  1200  feet  whereas  Hone  Quarry's  mountainous  elevat¬ 
ions  range  from  1600  feet  to  4319  feet  above  sea  level.  These 
elevation  differences  should  be  kept  in  mind  when  reading  the 
Timberville  weather  data. 

For  the  period  from  1961  to  1974,  the  average  annual  precip¬ 
itation  was  35.18  inches,  the  average  annual  time  between  the 
last  spring  frost  and  the  first  autumn  frost  was  158  days,  and 
the  average  annual  mean  temperature  was  53.5  degrees  F.  The  aver¬ 
age  annual  highest  temperature  was  96  degrees  F  and  the  average 
annual  lowest  temperature  was  -9  degrees  F. 

METHODS 

Plants  were  collected  from  July  1973  to  August  1975,  with 
one  additional  collecting  trip  made  in  April  1976.  A  complete  set 
of  voucher  specimens  is  deposited  in  the  Herbarium  of  the  College 
of  William  and  Mary,  Williamsburg,  Virginia. 

All  plants  were  identified  to  species  except  for  several  in 
which  only  the  genus  could  be  determined  because  of  the  lack  of 
reproductive  structures.  Some  taxa  were  keyed  to  variety  or  forma 
if  it  seemed  appropriate. 

The  entry  for  each  taxon  is  basically  structured  in  the  foi¬ 
ling  order: 

1.  Scientific  name  which  follows  Radford,  Ahles  and  Bell  (1968), 
and  Gleason  and  Cronquist  (1963). 

2.  Relative  abundance  as  determined  from  the  author's  personal 
encounters  and  observations  of  each  taxon.  The  scale  used  is 
"C"  for  common;  "0"  for  occasional;  "U"  for  uncommon;  and 
"R"  for  rare. 

3.  Each  habitat  has  been  assigned  a  number  for  brevity:  1,  Oak- 
hickory  woods;  2,  Mixed  mesic  woods;  3,  Hemlock  woods;  4, 
Ericaceous  shrub  thickets;  5,  Vegetated  clearings;  6,  Lake, 
pond,  marsh,  streams  and  seepages;  7,  Roadsides,  trails  and 
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other  disturbed  sites. 

4.  The  author's  collection  number. 

An  asterisk  (*)  at  the  beginning  of  an  entry  denotes  that 
the  taxon  is  considered  a  record  new  to  Rockingham  County  and  has 
not  been  previously  recorded  for  Rockingham  County  in  Carr  (1936), 
Massey  (1961),  Mazzeo  (1972),  Nessler  (1972),  Johnson  (1972,  1974, 
1974),  or  Roane  (1975).  A  plus  (+)  indicates  a  physiographic  pro¬ 
vince  record  within  the  state  and  the  symbol  #  indicates  a  taxon 
reported  new  to  Virginia. 


COMMUNITIES 


1.  Oak-hickory  woods. 

Stands  dominated  by  oaks  and  hickories  are  frequent  on  the 
well-drained  slopes  and  ridges  throughout  the  area;  Quercus  alba, 
Q*  velutina,  Q.  rubra,  Q.  prinus ,  Carya  ovalis ,  C.  tomentosa'^  ^d 
C.  glabra  are  the  principal  species.  Cornus  f lorida,  Nyssa 
sylvatica  and  Amelanchier  arborea  make  up  the  common  understory 
trees  found  in  this  association,  with  Hamamelis  virginiana  as  a 
frequent  shrub.  Herbaceous  species  that  are  commonly  found  in  this 
association  include  Hypoxis  hirsute,  Panicum  comutatum,  Carex 
platyphylla,  Arabis  canadensis ,  Aralia  nudicaulis ,  Aureolaria 
laevigata ,  Antennaria  plantaginif olia,  Solidago  roanensis  and 
Hieracium  venosum. 

2.  Mixed  mesic  woods. 

Mixed  mesic  woods  occur  in  ravines,  on  many  northeast-facing 
slopes  and  in  the  floodplain,  especially  along  Hone  Quarry  Run. 
Typical  tree  species  that  are  found  in  these  woods  include  Fagus 
grandif olia,  Tilia  heterophylla ,  Liriodendron  tulipif era,  Betula 
lenta,  Acer  pensylvanicum,  A.  saccharum,  Tsuga  canadensis  and  a 
few  scattered  oak  and  hickory  species.  Herbs  found  characteris¬ 
tically  in  this  association  include  Polystichum  acrostichoides , 
Asplenium  trichomanes ,  A.  platyneuron ,  Poa  cuspidata, 

Mulenbergia  tenuif lora,  Festuca  obtusa,  Arabis  laevigata, 

Cardamine  concatenata,  Caulophyllum  thalictroides ,  Viola  blanda, 
and  V.  rostrata . 

3.  Hemlock  woods. 

Stands  dominated  by  Tsuga  canadensis  with  few  or  no  other 
tree  species  in  association  occur  along  the  main  stream,  along 
streamlets  and  on  lower  slopes  where  there  is  abundant  ground 
water.  In  some  cases  the  hemlocks  create  so  much  shade  that  al¬ 
most  no  ground  vegetation  is  present.  Small  colonies  of  Hepatica 
americana  and  Goodyera  repens  are  common;  Polystichum 
acrostichoides  is  abundant  at  the  borders  of  these  stands. 

4.  Shrub  communities. 

Ericaceous  shrub  thickets  are  frequent  on  the  higher  slopes 
and  ridges  in  well-drained  soil;  also,  they  often  occur  within 
the  oak-hickory  stands.  Thick  cover  of  Kalmia  latif olia  or  Pieris 
f loribunda  on  the  higher  ridges  occurs  mixed  with  Rhododendron 
roseum,  Vaccinium  stamineum,  V.  vacillans  and  Gaylussacia 
baccata .  Herbaceous  species  are  not  abundant  in  this  association; 
however,  a  population  of  Trillium  pusillum  var.  virginianum 
thrives  under  a  Pieris  f loribunda  thicket  on  a  4000  foot  ridge  I 
This  Trillium  was  considered  a  plant  restricted  to  coastal  plain 
swamps  until  its  discovery  in  this  study  on  a  mountain  ridge  in 
relatively  dry  soil. 

Small  stands  of  Crataegus  coccinea  grow  in  many  of  the 
fields  on  the  ridges  and  occasionally  line  the  trails  on  the  high 
wooded  ridges.  High  on  the  rocky  ridge  between  Pond  Knob  and 
Meadow  Knob  is  a  more  or  less  continuous  stand  of  Quercus 
ilicifolia  with  various  ericaceous  shrubs  as  associates. 
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5.  Vegetated  clearings. 

Vegetated  clearings,  tracts  of  land  which  have  the  trees 
removed,  occur  occasionally  throughout.  Apparently  all  were 
created  as  a  result  of  man's  interference  through  such  activities 
as  lumbering,  clearing  for  recreational  purposes,  clearing  to  en¬ 
courage  the  growth  of  certain  wildlife  foods  or  clearing  for  com¬ 
mercial  reasons  such  as  in  the  case  of  the  abandoned  drilling 
site.  The  largest  open  area,  surrounding  the  artificial  lake, 
bears  a  thick  cover  of  Lespedeza  cuneata  planted  by  the  Forest 
Service.  Festuca  pratensis ,  Setaria  glauca,  Echinochloa 
crus-galli ,  Trifolium  repens ,  T.  pratense ,  Epilobium  coloratum, 
and  Barbarea  vulgaris  are  commonly  found  in  the  open  areas 
around  the  lake.  Small  clearings  in  the  floodplain  northwest  of 
the  lake  typically  have  Asclepias  syriaca,  Rudbeckia  hirta. 
Trifolium  arvense ,  Panicum  depauper atum,  Eragrostis  capillaris , 
Dennstaedtia  punctilobula ,  Nepeta  cataria  and  Caucus  carota . 

Some  meadows  just  north  of  the  lake  have  Spiranthes  cernua  and  S. 
gracilis .  Vitis  aestivalis  and  Rubus  allegheniensis  often  grow  in 
thickets  at  the  edge  of  many  of  these  clearings.  The  ridges  have 
clearings  with  Chrysanthemum  leucanthemum,  Hieracium  pratense , 

H.  pilosella,  Setaria  faberi,  Phleum  pratense ,  Bromus  tectorum, 
Rumex  acetosella,  Dianthus  armeria,  Veronica  officinalis  and 
Fragaria  virginiana .  A  clearing  near  Flagpole  knob  is  thick  with 
Osmunda  claytoniana .  Secale  cereale ,  probably  planted  by  the 
Forest  Service,  dominates  one  clearing  on  Hone  Quarry  Ridge. 

6.  Lake,  pond,  marsh,  stream  and  seepage  communities. 

Hone  Quarry  Run  and  its  feeder  streams  form  the  drainage  for 
Hone  Quarry  watershed.  Senecio  aureus ,  Polygonum  persicaria , 
Lycopus  virginicus ,  L.  unif lorus  and  Tussilago  f arf ara  grow  in 
the  wet  mud  or  gravel  along  the  main  stream.  Ludwigia  palustris 
and  Callitriche  heterophylla  are  found  occasionally  growing  in 
the  stream.  In  only  one  location  a  small  colony  of  Sparganium 
americanum  was  noted  in  a  quiet  pool  in  Hone  Quarry  Run  between 
the  lake  and  the  campground. 

Elodea  nuttalli  colonies  commonly  grow  in  the  lake.  Many 
are  visible  as  they  grow  not  far  from  shore. 

A  marsh  occurs  on  the  north  side  of  Hone  Quarry  Lake  where 
the  stream  occasionally  overflows  after  heavy  rains.  The  ground 
remains  marshy  or  wet  throughout  the  year.  Typical  plants  found 
there  include  Typha  latif olia  in  several  colonies,  Juncus 
ef f usus ,  J.  marginatus ,  Carex  scrabata,  C.  vulpinoidea,  Scirpus 
polyphyllus ,  and  S.  cyperinus . 

Several  small  ponds  occur  on  the  high  ridges.  At  least  one 
is  known  on  Hone  Quarry  Ridge  and  one  located  on  Pond  Knob  has 
Juncus  ef f usus ,  Carex  lurida,  Scirpus  polyphyllus  and  S. 
atrovirens  growing  on  its  margin. 

Two  very  small  seepage  areas  with  standing  water  exist  in 
open  woods  in  the  floodplain.  Chrysosplenium  americanum, 

Equisetum  arvense  and  Callitriche  heterophylla  have  been  found 
at  these  sites. 

7.  Roadsides,  trails  and  other  disturbed  sites. 

One  per  cent  of  the  watershed  is  disturbed  area  which  con¬ 
sists  of  trails,  dirt  roads  and  recreational  areas.  Eighteen  per 
cent  of  the  species  collected  were  weedy  (adventive  from  other 
countries)  and  these  were  found  growing  in  the  disturbed  areas. 

Cichorium  intybus ,  Bromus  j aponicus ,  Barbarea  vulgaris , 
Arctium  minus.  Taraxacum  officinale  and  Eupator ium  purpureum  are 
commonly  found  at  the  sides  of  the  dirt  jeep  roads.  A  small  num¬ 
ber  of  Epipactis  helleborine  individuals  grow  at  the  jeep  road¬ 
side  between  the  campground  and  the  lake.  Dipsacus  laciniatus 
is  locally  uncommon  in  a  field  near  the  lake.  The  latter  two 
species  are  reported  new  to  the  state. 
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Plants  often  found  in  the  trails  include  Bromus  purgans ^ 

Poa  compressa,  Juncus  tenuis ^  Plantago  rugelii y  P.  lanceolatay 
Lespedeza  hirta  and  Vicia  dasycarpa .  Other  disturbed  areas  in= 
clu’de  the  picnic  grounds  where  Solanum  carolinense  and  Eleusine 
indica  are  found.  Plantago  virginica  and  Solanum  americanum 
occur  in  disturbed  soil  at  the  abandoned  drilling  site. 

RESULTS 

The  study  yielded  372  Rockingham  County  records,  3  state 
records  (Epipactis  helleborine,  Ribes  lacustre  and  Dipsacus 
laciniatus )  and  one  significant  physiographic  province  record 
(Trillium  pusillum) .  This  information  was  made  available  to 
Harvill,  Stevens  and  Ware  (1977)  and  Harvill,  Stevens  and 
Bradley  (1981)  for  inclusion  in  the  Atlas  of  the  Virginia  Flora . 

Epipactis  helleborine ,  an  orchid  adventive  from  Europe,  has 
been  spreading  southward  from  New  England  (Gleason  and  Cronquist, 
1963),  It  had  not  been  reported  in  the  literature  for  Virginia 
before  this  study  (Roe,  1981). 

Ribes  lacustre ,  also  new  for  Virginia,  is.  a  significant 
southeast  range  extension  record.  Gleason  and  Cronquist  (1963) 
record  it  only  as  far  south  as  Pensylvania.  Strausbaugh  and  Core 
(1964,  1970,  1971,  1973)  report  it  as  rare  in  West  Virginia. 

Dipsacus  laciniatus ,  local  from  New  England  to  Michigan, 
(Fernald,  1950),  is  reported  new  to  Virginia,  Gleason  and  Cron¬ 
quist  (1963)  report  it  as  rarely  adventive  with  us. 

Trillium  pusillum,  the  dwarf  trillium,  was  an  unexpected 
discovery  of  this  research.  In  May  of  1975  I  found  T,  pusillum 
growing  under  Pieris  f loribunda  in  moderately  drained  acid  soil 
on  the  ridge  crest  of  Shenandoah  Mountain  at  4000  feet.  This 
Trillium  population  is  large  and  spills  across  the  state  line 
Tnto~West  Virginia.  Because  of  its  close  morphological  simil¬ 
arity  with  the  coastal  plain  and  piedmont  populations  of  Virginia 
and  Maryland,  I  consider  this  montane  population  of  T.  pusillum 
to  be  of  the  variety  virginianum.  It  is  disjunct,  as  are  a  number 
of  other  species  that  occur  in  the  coastal  plain  and  in  the 
mountains.  Prior  to  this  research  this  taxon  of  restricted  range 
was  known  only  from  the  coastal  plain  (and  piedmont  to  a  limited 
extent)  of  Virginia,  Maryland  and  North  Carolina  (Roe,  1978). 

Bodkin  and  Reveal  (1982)  propose  a  new  varietal  name  for  the 
plants  found  in  this  study,  however,  having  compared  them  only 
with  plants  of  the  Delmarva  Peninsula  of  eastern  Maryland.  Reed 
(1982)  does  not  agree  that  the  mountain  populations  are  distinct 
from  those  of  the  coastal  plain. 

Recently,  at  the  College  of  William  and  Mary,  electrophor¬ 
etic  and  thorough  morphological  comparisons  between  the  disjunct 
Virginia  populations  have  been  conducted  using  a  large  number  of 
populations  to  ascertain  just  how  different  these  populations 
are.  The  results  do  not  support  varietal  recognition  of  the 
montane  plants  (Cabe  and  Werth,  1984)  (Cabe,  1984), 
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LIST  OF  TAXA 

PTERIDOPHYTA 

EQUISETACEAE: *  *Equisetum  arvense ,  6,U,  687. 

LYCOPODIACEAE :  *LycopQdium  f labellif orme ,  2,0,  566.  *L.  obscurum^ 
3,U^  756.  *L.  lucidulum^  3,U,  847, 

OPHIOGLOSSACEAE ;  *Botrychium  dissectum^  2,U,  746.  *B.  virginianum 
2,0,  465. 

OSMUNDACEAE:  *0smunda  claytoniana,  2,U,  478.  *0.  cinnamomea ,  2, 

U,  79  . 

PTERIDACEAE:  *Adiantum  pedatum,  2,0,  175.  *Pteridium  aquilinum,  C 
2,5,  712.  *Dennstaedtia  punctilobula ,  2,5,C,  707. 

ASPIDIACEAE:  *0noclea  sensibilis ,  2,3,C,  83.  *Thelypteris 
hexagonoptera ,  3,C,  78.  *T.  noveboracensis ,  1,2,C,  560.  *Woodsia 
obtusa,  2,0,  752.  *Athyrium  asplenoides ,  2,0,  881.  *Cystopteris 
f ragilis ,  2,0,  140.  *Dryopteris  marginalis ,  2,3,C,  127.  *D. 
spinulosa ,  2,3,U,  364.  D.  intermedia ,  2 , 3 , C ,  132.  *PQlystichum 
acrostichoides ,  2,3,C,  122. 

ASPLENIACEAE :  *Asplenium  rhi zophyllum,  3,R,  767.  *A.  platyneuron, 
2,3,C,  280.  A.  trichomanes ,  3,0,  237. 

POLYPODIACEAE;  *Polypodium  virginianum,  2,C,  133. 

CONIFEROPHYTA 

PINACEAE:  Abies  f raseri ,  planted,  940.  Tsuga  canadensis,  3,C,909. 
Picea  abies ,  planted,  204.  Pinus  strobus ,  2,C,  979.  P.  resinosa, 
planted,  962.  P.  rigida ,  1,7,0,  715.  P.  virginiana,  1,7,C,  876. 

P.  pungens ,  high  open  slopes,  O,  930. 

CUPRESSACEAE j  * Juniperus  virginiana,  7,R,  960. 

ANTHOPHYTA:  MONOCOTYLEDONEAE 

TYPHACEAE:  *Typha  latifolia,  6,U,  493. 

SPARGANIACEAE :  *Sparganium  americanum,  6,R,  749. 

HYDROCHARITACEAE:  *Elodea  nuttallii,  6,C,  902. 

POACEAE:  *Leersia  virginica,  6,0,  859.  *Anthoxanthum  odoratum,  7, 
0,  258.  *Eleusine  indica,  7,0,  1228.  *Hystrix  patula,  1,2,U,  592. 


*Secale  cereale ,  5,  local, 441.  *Phleum  pratense ,  7,C,  431.  Stipa 
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avenacea ,,  1  ^  2  ^  U ,  4  0  6.  *Calamagrostis  porteri  ^  2^0,819.  *Agrostis 
perennans ^  1,2,0,  724.  *Muhlenbergia  schreberi ,  5,7,0,  935.  *M. 
tenuif lora ,  1,2,0,  774.  *M.  f rondosa ,  2,5,0,  789.  *M.  sylvatica ,  1 , 
2,0,  1234.  *Tridens  flavus,  7,U,  857.  *Eragrostis  capillaris,  5,C, 
681.  *Dactylis  glomerata,  7,0,  247.  *Poa  compressa,  7,C,  422.  *P. 
cuspidata,  2,C,  185.  *P.  pratensis ,  5,7,C,  219.  *Glyceria  striata , 

5 , 6 , C ,  442.  *Bromus  tectorum ,  7,0,  337.  * B .  purgans ,  1,2,0,  382. 

* ® •  j aponicus ,  7,0,  536.  *Festuca  pratensis ,  7 , C ,  246.  F .  obtusa , 

2 , C ,  359.  *Arrhenatherum  elatius ,  7 , U ,  634.  Holcus  lanatus ,  7,0, 

^ 2 ^  *  *Sphenopholis  nitida ,  1 , U ,  417.  *Deschampsia  f lexuosa ,  1,0, 
410.  *Danthonia  spicata ,  1,0,  413.  *Andropogon  virginicus ,  5,0, 
1205.  *Setaria  glauca,  7,C,  684.  *S.  f aberi ,  7,0,  552*Echinochloa 
crusgalli ,  7,C,  683.  *Panicum  philadelphicum,  7,0,  941.*P. 
virgatum,  5,0,  719.  *P.  depauper atum,  1,5,0,  336. *P.  clandestinum, 
5,0,  1223.  P .  boscii ,  1,2,C,  393.  *P.  latif olium ,  2 , C ,  3 2 9  . * P . 
dichotomum,  1,5,C,  390.  *P.  commutatum,  1,2,0,  389.  *P. 
lanuginosum,  1,5,C,  456.  Digitaria  sanguinalis ,  7,U,  983. 
CYPERACEAE:  *Carex  rosea,  1,5,0,  302.  *C.  vulpinoidea,  2,5,0,603. 
*C.  tribuloides ,  2,3,0,  688.  *0.  crinita  var,  gynandra ,  6,U,  423. 
*0.  lurida ,  6,0,  1103.  *0.  virescens,  1,5,0,  369.  *0.  platyphylla , 
1,2,0,  161. *C.  blanda,  1,2,0,  1249. *0.  nigromarginata ,  1,2, 5,0, 
181.*C.  pensylvanica,  1,2,0,  153. *0.  scabrata,  2,6,0,  567 . *Cyperus 
strigosus ,  6,0,  632. *Eleocharis  engelmannii ,  6,0,  803. *Scirpus 
atrovirens ,  6,0,  4 2 0 . * S .  polyphyllus ,  6,0,  7 9 1 . * S .  cyperinus ,  5 , 

C,  790. 

ARACEAE:  Arisema  triphyllum,  2,0,  234, 

JUNCACEAEj  Juncus  effusus,  6,0,  368. *J.  tenuis,  1,7,0,  1102. *J. 
secundus ,  5,0,  522. *J.  marginalis ,  6,0,  494 . *Luzula  bulbosa,  5,0, 
213. 

LILIACEAE;  Trillium  erectum,  2,R,  321.  +*T.  pusillum  var. 
virginianum ,  4,  R,  1067,1270,  1271.  Medeola  virginiana ,  2 , U ,  381. 

*Smilax  herbacea ,  1,0,  1258. *S.  glauca ,  1 , U ,  8 7 8 . * S .  hispida ,  1 , 


2,5,0,  668.  *Uvularia  pudica,  2 , U ,  198.  U .  perf oliata ,  1 , 2 , U , 1 2 1 . 
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*Disporum  lanuginosum ,  2  ,  613,  *Polygonatum  pubescens ,  2,3,0, 

238.  * P .  bif lorum ,  1,2,0,  1273. *Melanthium  parvif lorum ,  2 , U . 
Veratrum  vir ide ,  6,U,  1068.  Stenanthium  gramineum,  1,U,  594. 
Smilacina  racemosa,  2,U,  608.  Maianthemum  canadense ,  2,3,U,  344. 
Allium  cernuum^  5,0,  642 . *Clintonia  sp . ,  2,U.  Xerophyllum 
asphodeloides ,  1,0,  352.  Amianthium  muscaetoxicum,  1,2,0,  416. 
DIOSCOREACEAE;  *Dioscorea  villosa,  1,2,C,  686. 

AI4APYLLIDACEAE :  Hypoxis  hirsuta,  1,0,  313. 

IRIDACEAE:  *Sisyr inchium  mucronatum,  1,2,0,  268. *S.  angustif olium, 
1,5,0,  366.  *Iris  verna ,  1 , U ,  199. 

ORCHIDACEAE:  *Cypripedium  acaule ,  1,R,  315.  Spiranthes  gracilis ,  5, 
O,  786.  S.  cernua,  5,  0,  785.  Corallorhiza  maculata,  2,0,  537. 

C .  odontorhiza ,  1,2,0,  738. *Habenaria  psychodes ,  2 , 5 , U ,  477, 
*Goodyera  repens ,  3,0,  1137. *G.  pubescens ,  3,0,  751.  Liparis 
lilif olia ,  3,5,R,  486.  #*Epipactis  helleborine ,  7,R,  1139. 
ANTHOPHYTA:  DICOTYLEDONEAE 

SALICACEAE:  *Salix  nigra,  6,U,  989. *S.  sericea,  6,U,  1063. 
MYICACEAE:  *Comptonia  peregrina ,  1,0,  438. 

JUGLANDACEAE :  Juglans  cinerea,  2,0,  939 . *Carya  ovata, 1 , C,  588. 

*C.  tomentosa,  1,0,  775. *C.  glabra,  1,C,  1194. *C.  ovalis ,  1,C,973. 
BETULACEAE;  Carpinus  caroliniana,  2,0,  358.  Corylus  cornuta,  2,5, 

0,  1236 . *0strya  virginiana ,  2,0,  372.  Betula  lenta,  2,C,  104. *B. 
lutea,  2,  talus,  C,  600.  *Alnus  serrulata,  6,0,  618. 

FAGACEAE:  *Fagus  grandif olia ,  2,0,  569 . *Castanea  dentata ,  1,2,0, 

708 . *Quercus  alba,  1,C,  969. *Q.  prinus,  1,C,  872.  Q.  marilandica, 
1,2,0,  991. *Q.  ilicifolia,  1,C,  841. *Q.  coccinea,  1,0,  1198. *Q. 
velutina ,  1 , C ,  5 1 1 . * Q .  rubra ,  1 , C ,  829. 

ULMACEAE:  *Ulmus  rubra,  2,5,  U,  1113. 

URTICACEAE : *Laportea  canadensis ,  2,3,6,C,  579 . *Pilea  pumila,  2,C, 
704.  *Parietaria  pensylvanica ,  2,5,U,  850. 

ARISTOLOCHIACEAE:  *Asarum  canadense,  2,0,  233 . *Ar istolochia 
macrophylla,  2,C,  761. 


POLYGONACEAEi  *Rumex  acetosella,  5,C,  458. *R.  crispus,  7,C,  1097. 
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*R.  obtusif olius ,  5^6,  663.  Polygonum  sagittatum^  5,6,  882. *P. 
aviculare .  7,0,  780. *P.  scandens  var.  cristatum,  2,6,0,  758. *P. 
convolvulus ,  7,0,  635. *P.  persicaria ,  6,),  725,  745. 
CHENOPODIACEAE:  *Chenopodium  album,  5,C,  804. 

PHYTOLACCACEAE:  *Phytolacca  americana,  5,7,0,  849. 

AIZOACEAE:  *Mollugo  verticillata ,  6,0,  799. 

CARYOPHYLLACEAE:  Paronychia  canadensis ,  2,5,0,  728.  Arenaria 
serpyllif olia,  7,0,  278 . *Stellaria  media,  5,C,  1054 . *Cerastium 
holosteoides  var.  vulgare ,  7,C,  461. *Silene  stellata,  2,0,  532. 

caroliana,  1,0,  351 . *Saponaria  officinalis ,  5,7,0,  556. 

Dianthus  armeria ,  7,0,  445. 

RANUNCULACEAE; *Clematis  virginiana,  5,0,  1168. *C.  occidentalis , 
7,U,  1265.  Hepatica  americana,  2,0,  166 . *Ranunculus  allegheniensis 
1,5,0,  1263. *R.  acris ,  7,U,  480. *R.  bulbosus ,  7,0  261 . *Thalictrum 
coriaceum,  2,5,C,  347. *T.  dioicum,  2,0,  837 . *Anemome  virginiana, 
2,C,  448. *A.  minima,  2,0,  1247. *A.  lancifolia,  2,0,  1248. 

Aquilegia  canadensis ,  1,2,C,  428.  Cimicif uga  racemosa,  2,0,  546. 
*Actaea  pachypoda,  2,U,  615. 

BERBERIDACEAE:  Podophyllum  peltatum,  5,U,  345.  Caulophyllum 
thalictroides ,  2,0,  186. 

MENISPERMACEAE:  *Menispermum  canadense ,  1,2,5,U,  434. 

MAGNOLIACEAE : *Magnolia  acuminata,  2,0,  840 . *Lir iodendron 
tulipif era,  2,C,  892. 

LAURACEAE;  *Sassaf ras  albidum,  2,C,  418 . *Lindera  benzoin ,  2,0,887. 
PAPAVERACEAE :  *Sanguinaria  canadensis ,  2,0,  156. 

BRASSIOAOEAE : *Barbarea  vulgaris ,  7,0,  222. *B.  verna,  7,U,  1275. 
*Sisymbrium  officinale  var.  leiocarpum,  7,0,  524 . *Lepidium 
campestre ,  7,0,  291. *L.  virginicum,  7,0,  633 . *0apsella  bursa- 
pastoris ,  7,0.  *0ardamine  concatenata ,  2,0,  1 8 7 . * 0 .  pensylvanica , 
6,0,  495. *Arabis  laevigata ,  2,0,  2 3 2 . * A .  canadensis ,  2,0,  414. 
*Arabidopsis  thaliana ,  7,0,  208. 

ORASSULAOEAE : *Sedum  glaucophyllum,  2,0,  1090.  S.  telephioides , 


high  rock  ledges,  0,  533. 
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SAXIFRAGACEAE:  Hydrangea  arborescens ,  2,C,  1104. *Ribes 
rotundif olium^  1,2,0,  770-B.#*R.  lacustre ,  2,0,  770-A.  Saxif raga 
virginiensis ,  2,C,  265 . *Mitella  diphylla,  2,C,  160.  Chrysosplenium 
americanum ,  6,0,  843. *Heuchera  pubescens ,  2,0,  397. 

HAMAMELIDACEAE :  Hamamelis  virginiana,  2,C,  105. 

PLATANACEAE:  *Platanus  occidentalis ,  2,0,  919. 

ROSACEAE: *Prunus  serotina,  2,C,  339. *P.  angustif olia ,  1,U,  223. 
*Amelanchier  arborea  var .  arborea,  2,C,  374. *A.  arborea  var. 
laevis ,  2,C,  331 . *Sorbus  americana,  1,U,  1176 . *Malus  pumila,  7,U, 
216. *Crataegus  phaenopyrum,  5,U,  957. *C.  f labellata,  1,5,C,  945. 

* C .  pruinosa ,  1,5,C,  505. *C.  coccinea ,  1 , 5 , C ,  730. *Spiraea 
betulif olia ,  2 , U ,  447. *Aruncus  dioicus ,  5 , U ,  1095.  Gillenia 
trifoliata,  2,U,  1094 . *Rosa  multiflora,  thickets,  0,  956. *R. 
Carolina,  5,0,  521.  Rubus  odoratus ,  2,U,  473. *R.  allegheniensis , 
5,C,  571. *R.  phoenicolasius ,  7,U,  581. *R.  occidentalis ,  5,0,  574. 
Agrimonia  gryposepala,  5,0,  93. *A.  parvif lora,  5,0,  895 . *Geum 
virginianum,  5,0,  563. *G.  canadense ,  3,2,U,  1167.  Fragaria 
virginiana,  2,5,C,  2 1 7 . *Potentilla  norvegica ,  5,0,  899.  P.  recta , 
7,0,  114. *P.  argentea,  7,0.  *P.  intermedia,  7,U,  513. *P.  simplex, 
5,0,  300.  * P .  canadensis ,  5 , C ,  1075. 

FABACEAE:  *Baptisia  tinctoria ,  1,2, 5,0,  499 . *Vicia  caroliniana ,  1, 
2,5,C,  263. *V.  dasycarpa ,  7,C,  444.  Lathyrus  venosus ,  7,0,  245. 
Amphicarpa  bracteata ,  1,2,C,  863 . *Lespedeza  repens ,  7,0,  1196-A. 

*L .  hirta,  5,7,0,  752. *L.  cuneata,  7,C,  897. *L.  intermedia ,  1,2, 

0,  673 . *Desmodium  nudif lorum,  1,2,0,  630. *D.  glabellum,  2,R,  623-A 
*D.  viridif lorum,  2,U,  623-B. *Trif olium  arvense ,  7,0,  500. *T. 
pratense ,  7,0,  376. *T.  campestre ,  7,C,  399. *T.  repens ,  7,0,  377. 

*T.  hybridum,  8,U,  795. *Meli lotus  alba,  7,0,  947. *M.  officinalis , 
7,0,  931 . *Robinia  pseudoacacia,  1,5,C,  284. *R.  hispida,  5,8,0, 

1149.  *Medicago  lupulina,  7,C,  335. 

LINACEAE:  *Linum  virginianum,  5,7,0,  1148. 

OXALIDACEAE:  *0xalis  stricta,  2,5,7,C,  283. 

GERANIACEAE:  Geranium  maculatum,  1,2,C,  230.  G.  columbinum,  7,0, 
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467.  * G .  carolinianum ,  \ ,2 ,Q,  831. 

SIMAROUBACEAE :  *Ailanthus  altissima^  1,0,  1140. 

POLYGALACEAE :  Polygala  paucifolia^  2,<Z,  155. 

EUPHORBIACEAE;  *Euphorbia  maculata^  5,0,  784. *E.  corollata,  5,7, 

0,  622.  *Acalypha  rhomboidea,  5,7,0,  777. 

CALLITRICHACEAE;  Callitriche  heterophylla ,  6,C,  578. 

ANACARDIACEAE:  *Rhus  radicans ,  1,2,0,  867. *R.  typhina,  1,2,5,U, 
501. 

AQUIFOLIACEAE ;  *llex  ambigua  var .  montana,  1,2,0,  828. 

ACERACEAE:  *Acer  pensylvanicum,  2,C,  236. *A.  spicatum,  1,0,  766. 

* A .  rubrum ,  2 , C ,  332.  * A .  saccharum ,  2,0,  1215. 

BALSAMINACEAE;  *Impatiens  capensis ,  2,C,  605.*^.  pallida,  2,0,765. 
RHAMNACEAE:  *Ceanothus  americanus ,  1,2,U,  1255. 

VITACEAE:  *Parthenocissus  quinquef olia ,  1,2,0,  952 . *Vitis 
aestivalis ,  2,5,0,  985. 

TILIACEAE;  Tilia  americana,  2,0,  1166. 

HYPERIOAOEAE :  *Hypericum  mutilum,  5,0,  739. *H.  perforatum,  8,0, 
452.  H.  punctatum,  1,2, 5,0,  497. 

VIOLAOEAE;  Viola  pedata,  1,7,0,  179. *V.  cucullata,  1,2,0,  340. 

*V.  sagittata,  2,0,  159. *V.  f imbriatula,  1,2,5,  178. *V.  palmata , 
1,2,0,  835. *V.  rotundifolia,  2,U,  192. *V.  pr imulif olia ,  5,0,1056. 

blanda,  2,0,  190. *V.  macloskeyi  var.  pallens ,  2,0,  183.  *V. 
hastata ,  1,2,0,  1057. *V.  pubescens ,  1,2,0,  1251. *V.  eriocarpa ,  1 , 
2,5,0,  170. *V.  rostrata ,  2,0,  1 4 2 . * V .  canadensis ,  1,2,0,  196.  V. 
raf inesquii ,  5,0,  1051. 

ELAEAGNAOEAE ;  *Elaeagnus  umbellata,  7,0,  584. 

LYTHRAOEAE;  *0uphea  viscosissima ,  5,0,  797. 

ONAGRAOEAE;  *0ircaea  lutetiana  ssp.  canadensis ,  3,U,  1138-B.*0. 
alpina,  3,0,  1106 . *0enothera  tetragona,  1,2, 5,0,  482.  0.  biennis 
2,5,0,  697. *Ludwigia  palustris ,  6 , ) ,  1219.  Epilobium  coloratum , 

5,0,  905. 

ARALIAOEAE:  *Panax  quinquef olium,  1,2,R,  760.  Aralia  nudicaulis , 

2,0,  312. 
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APIACEAE:  *Sanicula  canadensis ,  1,2,0,  539 . *Daucus  carota,  1 ,C, 
925.  Cryptotaenia  canadensis,  1,2,0,  1 192 . *Thaspium  trif oliatum, 
1,2,0,  259. *T.  barbinode ,  2,),  1256 . *Qsmorhiza  claytonii ,  2,C, 

317. *0.  longistylis ,  2,C,  346.  Angelica  venenosa,  2,0,  529. 

*A.  triquinata ,  2,5,0,  659. 

NYSSACEAE:  *Nyssa  sylvatica ,  1,2,C,  731. 

CORNACEAEj  Cornus  alternif olia ,  2,U,  1257. *C.  f lorida,  2,C,  311. 
ERICACEAE:  *Monotropa  uniflora,  2,0,  354.  M.  hypopithys ,  2,U,733. 
*Gaylussacia  baccata ,  1,C,  386. *Vaccinium  stamineum,  1,C,  309.  V. 
vacillans ,  1,C,  310 . *Chimaphila  maculata ,  1,2,0,  484 . *Menziesia 
pilosa ,  1,0,  1274.  *Epigaea  repens,  1,U,  488 . *Gaultheria 
procumbens ,  1,0,  81 . *Kalmia  latif olia ,  1,4,C,  326.  Rhododendron 
roseum,  1,4,C,  269.  R.  nudif lorum,  1,4,C,  1272.  Pieris  f loribunda 
1,4,C,  137 . *Lyonia  ligustrina ,  1,2,U,  404. 

PRIMULACEAE:  Lysimachia  quadrifolia,  1,2, 5,0,  439. *L.  lanceolata , 
1,2, 5,0,  508. 

OLEACEAE:  Fraxinus  amer icana ,  2,0,  357. 

GENTIANACEAE:  Gentiana  quinquef olia ,  5,0,  652. 

APOCYNACEAE:  Apocynum  cannabinum,  5,7,0,  677. 

ASCLEPIADACEAE:  Asclepias  syriaca,  5,1, C,  1108. *A.  quadrifolia, 
2,U,  1260. 

CONVOLVULACEAE :  *Cuscuta  gronovii,  5,7,0,  1222 . *Calystegia  sepium 
1,2, 5,0,  805. 

HYDROPHYLLACEAE:  *Hydrophyllum  virginianum,  1,2,C,  348. 
BORAGINACEAE:  Echium  vulgare ,  7,0,  459 . *Cynoglossum  officinale, 
7,0,  375.  *Hackelia  virginiana,  1,5,0,  796. 

VERBENACEAE:  *Verbena  urticifolia,  1,5,0,  614. 

LAMIACEAEi *Lycopus  virginicus ,  2,6,C,  740. *L.  unif lorus ,  2,6,C, 
1237 . * Scute 11 aria  lateriflora,  2,5,C,  90. *S.  integrif olia ,  5,0, 

464 . *Monarda  clinopodia,  1,2,0,  658 . *Agastache  scrophular iaef olia 
1,2,U,  702.  Glechoma  hederacea,  7,0,  832.  Nepeta  cataria,  7,C,636. 
Cunila  origanoides ,  1,U,  870.  Hedeoma  pulegioides ,  5,C,  723. 


*Salvia  lyrata ,  1,2,0,  318.  Collinsonia  canadensis,  2,0,  670. 
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Prunella  vulgaris ^  5,8,C,  516 . *Sature j a  vulgaris ,  577. 

*Pycnanthemum  incanum ,  1,2,0,  593. 

SOLANACEAE:  Solanum  carolinense ,  7,0,  1230.  S.  americanum^  7,0, 

845.  *Physalis  virginiana,  7,U,  1146. 

SCROPHULARIACEAE :  Verbascum  thapsus ,  7,0,  641. *V.  blattaria ,  7,R, 
1116 . *Veronica  peregrina ,  5,0,  1280. *V.  arvensis ,  5,7,0,  334. *V. 
serpyllif olia,  7,C,  255. *V.  officinalis ,  7,C,  432 . *Gratiola 
neglecta,  6,R,  844 . *Lindernia  anagallidea,  7,U,  1204. *L.  dubia,  6, 
R,  801.  Pedicularis  canadensis ,  1,2,0,  812 . *Melampyrum  lineare ,  1, 
2,0,  549.  Aureolaria  laevigata,  1,0,  627 . *Scrophularia  lanceolata, 
5,0,  1235.  *Penstemon  canescens ,  1,0,  401. 

OROBANCHACEAE :  *Epif agus  virginiana ,  2,U,  1254.  Orobanche 
uniflora ,  3,R,  279 . *Conopholis  americana,  1,C,  270. 

PLANTAGINACEAE:  *Plantago  aristata,  1,5, 7,0,  555. *P.  rugelii ,  1,5, 
7,  C,  518. *P.  lanceolata,  7,C,  271. *P.  virginica ,  7,R,  854. 
RUBIACEAE;  Mitchella  repens ,  1,2,C,  123.  Houstonia  longifolia,  1, 
0,  298.  H.  caerulea,  1,5,C,  130 . *Galium  trif lorum,  1,2,5,C,  457. 

G.  circaezans ,  1,2,0,  628. *G.  tinctorium,  5,0,  460. *G.  concinnum, 
1,2,0,  454. 

CAPRIFOLIACEAE :  *Lonicera  j aponica ,  2, 5, 7,0,  604 . *Viburnum 
acerif olium,  1,2,0,  879 . *Sambucus  pubens ,  2,5,0,  1069. 

DIPSACACEAE;  #*Dipsacus  laciniatus ,  7,U,  771. 

CAMPANULACEAE :  Lobelia  inf lata,  5,C,  617. *L.  spicata,  5,0,  402. 
*Specularia  perfoliata,  5,7,0,  362.  Campanula  divaricata,  1,0,631. 
C.  americana,  1,2,0,  576. 

ASTERACEAE:  Krigia  virginica,  5,R,  207.  Cichorium  intybus ,  7,0, 
621.  Tragopogon  dubius ,  7 , U ,  556. * Taraxacum  erythrospermum ,  7,0, 
1050. *T.  officinale ,  7,C,  220 . *Lactuca  f loridana,  1,5,0,  629.  L. 
scariola ,  7,0,  6 7 2 . * L .  saligna ,  7,0,  9 0 8 . * L .  canadensis ,  1 , 2 , 5 , 0 , 
959 . *Prenanthes  altissima ,  1,5,0,  647 . *Hieracium  paniculatum,  1,5, 
C ,  6  62.  H .  venosum ,  1 , C ,  2 9 7 . * H .  pilosella ,  7 , C ,  2 9 3 . * H .  pratense , 
7 ,  C ,  2  9  2.  *Bidens  polylepis  ,  5,7,  0_,  8 9  6  .  * B .  tripartita ,  5,0,  800. 
frondosa,  5,7,0,  717.  B.  bipinnata,  5,7,U,  781 . *Carduus 
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acanthoides ^  1,0,  9 5 4 . * C .  nutans ,  1,0.  C .  pumilus ,  5,0,  558.  * C . 
arvensis ,  7,0,  5 8 3 . * C .  lanceolatus ,  7,0,  7 2 2 . * C .  discolor ,  5,0, 
927.  Arctium  minus ,  7,0,  953.  Centaiirea  maculosa,  7,R,  650. 

* Ambrosia  artemisiif olia ,  5,7,0,  914 . *Gnaphalium  obtusif olium,  5, 
1,0,  721. *Antennaria  virginica ,  1,U,  1053. *A.  plantaginif olia ,  1 , 
1,0,  151.  Eupatorium  f istulosum,  1,2, 5,0,  646.  E.  rugosum,  2,5,C, 
678. *Erechtites  hieracif olia ,  5,7,0,  776.  Heliopsis  helianthoides 
1,5,7,C,  661.  Helianthus  divaricatus ,  1 , 2 , 5 , C .  *Rudbeckia  hirta , 
1,5,7,C,  453 . *Helenium  f lexuosum,  5,R,  620 . *Tussilago  f arf ara,  6, 
0,  121 . *Senecio  aureus ,  2,5,6,C,  165.  S.  obovatus ,  1,5,0. 

*Solidago  bicolor ,  1,5,7,C,  666. *S.  juncea ,  5 , C ,  6 4 9 . * S .  arguta , 
1,5,0,  639.  S.  nemoralis ,  5,7,0,  916. *S.  rugosa ,  5 , C ,  111.  * S . 
altissima ,  1,5,7,C,  944.  S.  curtisii ,  1,5,C,  764. *S.  puberula ,  5 , 

0 ,  874.  S .  roanensis ,  1,5,0,  660. *Galinosoga  ciliata ,  1,0,  885. 

G.  parviflora,  7,0,  534 . *Anthemis  arvensis ,  7,0,  451. *Achillea 
millefolium,  1,0,  643. *A.  millefolium  forma  rosea,  7,R,  706. 
Chrysanthemum  leucanthemum,  1,0,  360 . *Aster  macrophyllus ,  1,C,664. 


A.  divaricatus,  1 

,C,  599.  *A.  undulatus, 

1.0, 

718. 

*A. 

cordifolius,  1,C, 

827.  *A.  acuminatus,  1, 

2,C, 

561. 

*A. 

prenanthoides ,  2,C,  949.  *A.  laevis ,  1,5,0,  809.  *A.  paternus ,  1, 
2,  C,  548.  *A.  pilosus ,  1,5,C,  657.  *A.  vimineus ,  5,C,  890. 
*Erigeron  canadensis ,  5,7,C,  898.  *E.  pulchellus ,  2,R,  249.  *E. 
strigosus ,  5,7,C,  527.  *E.  annuus ,  5,7,C,  425. 
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News  and  Notes 


JEFFRESS  RESEARCH  GRANT  AWARDS;  The  Allocations  Committee  of  the  Thomas  F, 
and  Kate  Miller  Jeffress  Memorial  Trust  has  announced  the  award  of  Jeffress 
Research  Grants  to  the  institutions  listed  below  to  support  the  research  of 
the  investigator  whose  name  is  given.  The  Jeffress  Trust,  established  in 
1981  under  the  will  of  Mr.  Robert  M.  Jeffress,  a  business  executive  and 
philanthropist  of  Richmond,  supports  research  in  chemical,  medical,  and 
other  natural  sciences  through  grants  to  non-profit  educational  and 
research  institutions  in  the  Commonwealth  of  Virginia.  The  Jeffress 
Research  Grants  being  announced  here  have  been  awarded  in  the  period  from 
November  1983  through  November  1984. 

The  Jeffress  Memorial  Trust  is  administered  by  Sovran  Bank,  N.  A. 
Additional  information  about  the  program  of  the  Trust  may  be  obtained  by 
writing  to:  Advisor,  Thomas  F.  and  Kate  Miller  Jeffress  Memorial  Trust, 
Trust  Department,  Sovran  Bank,  N.  A.,  P.  0.  Box  26903,  Richmond,  Virginia 
23261. 

William  H.  Bunnelle,  The  College  of  William  and  Mary.  The  Chemistry  of 
2-Alkylidene-l ,3-cyclopentanediones.  $39,767  (three  years). 

David  S.  Cafiso,  University  of  Virginia.  Molecular  Basis  for  Electrogenic 
Protein  Diffusion  in  Membrane  Systems.  $46,750  (three  years). 

Ann  E.  Campbell.  Eastern  Virginia  Medical  School.  Expression  of  Fc 
Receptors  on  Bladder  Tumor  Cells  Transformed  by  an  Activated  Oncogene. 
$43,605  (two  years). 

Kang  Cheng,  University  of  Virginia.  Hormonal  Regulation  of  Adipocyte 
Pyruvate  Dehydrogenase.  $11,000  (one  year). 

D.  Michael  Denbow,  Virginia  Tech.  Brain  Adrenoreceptors  and  Food  Intake. 
$11,306  (two  years). 

Robert  E.  Hall,  Virginia  Commonwealth  University.  Probe  of  Natural  Killer 
Cell  Surface  Using  Monoclonal  Antibodies:  Dissection  of  Mechanisms 
Involved  in  Cell-mediated  Cytotoxicity  Against  Tumor  Cells.  $23,979  (one 
year) . 

Alan  G.  Heath,  Virginia  Tech.  Development  of  a  Way  to  Measure  Energy 
Status  and  Growth  of  a  Population  of  Fish  under  Stress.  $5,300  (one  year 
renewal ) . 

Irving  L.  Kron,  University  of  Virginia.  The  Effect  of  Renin  Angiotensin 
Blockade  on  Renal  and  Cardiovascular  Hemodynamics  Following  Thoracic  Aortic 
Cross  Clamping.  $30,000  (one  year). 

Francine  Marciano-Cabral ,  Virginia  Commonwealth  University.  Mechanisms  of 
Nerve  Cell  Damage  by  Naegleria  fowleri.  $38,391  (two  years). 

Randall  E.  Merchant,  Virginia  Commonwealth  University.  Modulation  of  the 
Growth  and  Differentiation  of  Glioblastoma  Cells  by  Lymphokines.  $54,000 
(three  years). 

Aaron  L.  Mills,  University  of  Virginia.  Investigations  of  Geochemical 
Kinetics:  Pyrite  Oxidation  Mechanisms.  $7,183  (one  year). 

Richard  D.  Pearson,  University  of  Virginia.  Mechanisms  of  Wasting  in 
Chronic  Infection.  $60,005  (three  years). 
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Dorn  W.  Peterson,  James  Madison  University.  Studies  of  Noise  Mechanisms  in 
Josephson  Junction  Parametric  Amplifiers.  $30,200  (three  years). 

Paulette  W.  Royt,  George  Mason  University.  Tracking  Iron  Acquisition  by 
Pseudomonas  aeruginosa.  $7,567  (one  year). 

W.  Michael  Scheld,  University  of  Virginia.  The  Pathogenesis  and 
Pathophysiology  of  Bacterial  Meningitis.  $48,658.  (three  years). 

John  E.  Wiktorowicz,  Virginia  Tech.  Molecular  Biology  for  Globin  Gene 
Expression  in  Human  Cultured  Cells.  $23,589  (one  year  renewal). 

Lloyd  Wolfinbarger ,  Jr.,  Old  Dominion  University.  Illicit  Transport  in 

Cancer  Chemotherapy.  $6,650  (one  year). 

Lloyd  Wolfinbarger,  Jr.,  Old  Dominion  University.  Illicit  Transport  in 

Cancer  Chemotherapy.  $7,750  (one  year  renewal). 

Steven  A.  Wrighton,  Virginia  Commonwealth  University.  Primary  Cultures  of 
Adult  Rat  Liver  Parenchymal  Cells:  A  New  Model  of  Trace  Element 

Deficiency.  $38,716  (two  years). 


AMERICAN  JUNIOR  ACADEMY  OF  SCIENCE;  Four  outstanding  science  students  were 
chosen  out  of  819  to  represent  Virginia  at  the  American  Junior  Academy  of 
Science  meeting  held  in  conjunction  with  the  American  Association  for  the 
Advancement  of  Science  convention  in  New  Your  City,  May,  1984. 

Tracy  Casper  from  Norfolk,  Carolyn,  Van  Newkirk  from  Arlington,  Rachel 
Burnett  from  Hanover  County,  and  Jeff  Ambroziak  from.  Springfield 
distinguished  themselves  in  the  oral  presentation  and  AAAS  Poster  Session. 
Tracy  fielded  questions  on  The  Effects  of  Different  Types  of  Music  on 
Artistic  Creativity  of  Seven  Year  Olds,  illustrating  that  indeed  music  does 
have  definite  effects,  both  positive  and  negative,  according  to  the  type  of 
music,  on  the  mental  and  artistic  abilities  of  children.  As  Tracy  wrote, 
"I  would  like  to  thank  the  VJAS  for  allowing  me  to  represent  Virginia  at 
the  AJAS  meeting  in  New  York.  The  conference  was  an  invaluable 
experience  for  me  both  scientifically  and  socially.  In  addition  to  gaining 
scientific  exposure  by  being  a  part  of  the  AAAS  meeting,  I  was  able  to 
broaden  my  scientific  knowledge  by  meeting  many  scientists  my  own  age.  The 
oral  and  poster  session  of  the  AJAS  gave  me  similar  yet  very  different 
opportunities  to  understand  more  fully  my  own  research  and  explore  the 
research  of  others.  I  managed  to  talk  to  people  interested  in  both  the 
psychological  and  musical  ends  of  my  project.  I  never  would  have  dreamed 
of  some  of  the  new  approaches  people  suggested  for  my  study." 

Rachel,  now  at  Duke  University,  in  her  letter  said,  "I  would  urge  the 
VJAS  to  continue  to  support  the  student  delegates  to  this  meeting.  The 
AJAS  meeting  was  trully  an  experience  I  will  never  forget,  for  it  was  the 
first  time  I  had  ever  been  exposed  so  directly  to  the  scientific  community. 
I  was  awed  to  think  that  the  lectures  and  seminars  which  I  attended  were 
given  by  some  of  the  most  prominent  and  respected  scientists  and 
researchers  of  the  day." 

Carolyn  and  Jeff  are  still  in  high  school  and  hopefully  will  be 
participating  in  VJAS  again  in  May  of  1985  at  The  College  of  William  and 
Mary.  Jeff  has  participated  in  other  science  events  such  as  ISEF  but  was 
quick  to  say  that  the  atmosphere  and  camaraderie  were  more  meaningful  at 
AJAS  in  New  York. 

The  VAS  should  be  proud  of  its  support  and  involvement  in  the 
sponsorship  of  AJAS.  In  1985,  two  winners,  Craig  Rogers  from  Winchester 
and  Lauree  Stroud  from  Hampton,  and  two  alternates,  Laura  Coltrane  and 
Elizabeth  Tongiers  both  from  Newport  News,  will  be  representing  Virginia  at 
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AJAS  in  Los  Angeles.  The  two  alternates  will  be  delegates  if  there  is 
enough  financial  suppoort. 

VAS  is  indeed  to  be  commended  for  its  support  of  these  outstanding 
young  people  -  the  future  scientists  of  tomorrow. 


FRANCES  AND  SYDNEY  LEWIS  ENVIRONMENTAL  SCIENCE  SCHOLARSHIP;  The  Virginia 
Environmental  Endowment  and  the  Virginia  Junior  Academy  of  Science  have 
notified  over  150  public  and  independent  high  schools  in  Virginia  of  the 
new  $10,000  four-year  college  scholarship,  the  Frances  and  Sydney  Lewis 
Environmental  Science  Scholarship. 

The  Endowment  has  established  the  scholarsip  award  in  honor  of  its 
Directors  Emeriti,  Sydney  Lewis,  Chairman  of  the  Executive  Comittee  of  the 
Board  of  Best  Products  Co.,  Inc.,  and  Frances  A.  Lewis,  Executive  Vice 
President  of  Best  Products  Co.,  Inc.  The  scholarship  honors  the  Lewises’ 
asssociation  with  the  Endowment  and  their  philanthropic  interests  in  the 
quality  of  education  in  Virginia. 

The  scholarship  will  be  awarded  annually  over  the  next  four  years  to  a 
Virginia  student  selected  by  the  Virginia  Junior  Academy  of  Science  from 
winning  entries  in  its  scientific  research  project  competitions.  Academic 
achievement,  school  and  community  service,  and  interest  in  studying 
environmental  sciences  will  also  be  criteria  for  selection. 

Virginia  Environmental  Endowment  is  an  independent,  non-profit 
corporation  which  makes  grants  and  loans  for  the  improvement  of  the 
environment.  Since  its  creation  in  1977,  the  Endowment  has  provided  over 
3.7  million  dollars  to  numerous  local  and  statewide  environmental  projects 
in  Virginia. 


The  Virginia  Junior  Academy  of  Science  is  an  association  for  secondary 
school  students  and  science  clubs  throughout  Virginia.  Established  in  1941 
by  the  Virginia  Academy  of  Science,  the  Junior  Academy  of  Science  provides 
a  variety  of  academic  and  scientific  research  opportunities  for  over  6,000 
students  in  Virginia.  Selected  student  research  projects  are  read  at  the 
JVAS  Annual  Meeting  held  on  a  college  campus  each  spring. 

For  further  information  contact; 

VEE;  Gerald  P.  McCarthy  (804)-644-5000 
VJAS:  Dr.  R.  Dean  Decker  (804)-285-6275 


MOUNTAIN  LAKE  BIOLOGICAL  STATION;  1985  SUMMER  FIELD  COURSES ; 
First  Term  (June  9  -  July  13) 

Biology  of  Birds 

David  W.  Johnston,  George  Mason  University 

Field  Botany  of  the  Southern  Applachians 
Frank  D.  Watson,  Muhlenburg  College 

Plant-Animal  Interactions 

Beverly  J.  Rathcke,  University  of  Michigan 
Earl  D.  McCoy,  University  of  South  Florida 

Biology  of  Fishes 

Arthur  J.  Bulger,  University  of  Virginia 

Workshop  in  Allozyme  Techniques 
TBA 
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Techniques  and  Materials  for  Scientific  Illustration 
Esta  L.  Johnston,  George  Mason  University. 

Second  Term  (July  14  -  August  17) 

Quantitative  Methods  in  Field  Biology 
Joseph  Travis,  Florida  State  University 
Henry  Wilbur,  Duke  University 

Animal  Social  Behavior 

Blaine  J,  Cole,  University  of  Virginia 

Plant  Population  Biology 

Janis  Antonovics,  Duke  University 

Leslie  A.  Real,  North  Carolina  State  University 

Mammalogy /Wildlife  Ecology 

R.  Terry  Bowyer,  Unity  College 

Workshop  in  Allozyme  Techniques 
TBA 


Scholarships  Available:  Service  Awards  for  students  covering  room  and 
board  costs, 

Post-Doctoral  Research  Awards  (10  weeks) 

For  further  information  and  application  write  to: 

Dr.  Jerry  0.  Wolff,  Director 
Mountain  Lake  Biological  Station 
Gilmer  Hall,  University  of  Virginia 
Charlottesville,  VA  22901 


VAS  RESEARCH  GRANT  APPLICANTS:  The  Academy  Council  passed  the  following 
motion  at  its  meeting  on  November  4,1984: 

"Applicants  for  research  grants  must  currently  be  members  of  the 
Academy  and  must  have  been  members  in  good  standing  for  at  least  six 
months 

It  was  agreed  that  this  rule  will  not  apply  to  the  round  of 
applications  now  being  processed,  but  that  it  will  take  effect  with  the 
next  cycle. 


PROFILES :  The  Journal  of  the  Virginia  Academy  of  Science  is  beginning  a 
feature  which  will  recognize  individuals  who  have  made  significant 
contributions  to  the  Virginia  Academy  of  Science  and/or  the  Virginia  Junior 
Academy  of  Science.  One  or  two  individuals  will  be  featured  each  issue. 
All  members  of  the  academy  can  assist  in  this  recognition  program  by 
collecting  together  the  information  needed  and  sending  it  to  the  editor  of 
the  journal. 

Each  profile  on  a  person  should  include  a  vitae  of  their  professional 
career,  their  community  activities,  brief  personal  data  (birth  place, 
marital  status,  children,  etc,),  and  a  detailed  account  of  their  service  to 
the  academy.  Also  needed  is  a  recent  photograph  which  is  suitable  for 
publishing. 


284 


VIRGINIA  JOURNAL  OF  SCIENCE 


Profiles  is  proud  to  recognize  the  contributions  of  Ertle  Thompson  to 
the  Virginia  Academy  of  Science  (VAS).  He  has  been  a  member  of  the  academy 
since  1955.  Ertle  has  served  on  several  advisory  panels  often  as  chairman, 
both  for  the  academy  and  for  panels  not  associated  with  the  VAS.  Since 
1978  he  has  served  as  VAS  representative  to  the  American  Association  for 
the  Advancement  of  Science  (AAAS).  This  activity  has  lead  to  his 
participation  in  the  National  Association  of  Academies  of  Science  (NAAS). 
Besides  being  on  the  board  of  the  NAAS,  Ertle  was  treasurer  of  the 
organization  and  is  now  President-elect.  He  is  no  stranger  to  leading 
organizations  for  in  1981  he  became  President-elect  for  the  VAS  and  served 
as  President  in  1982. 

Ertle ’s  service  to  the  academy  also  includes  serving  as  a  judge  for 
some  of  the  Virginia  Junior  Academy  of  Science  (VJAS)  activities.  He  has 
been  a  member  of  the  Committee  on  Science  Education  for  approximately  ten 
years.  He  has  served  on  and  chaired  the  academy’s  Science  Advisory 
Committee.  Ertle  has  completed  many  tasks  for  the  academy  that  did  not 
fall  under  the  umbrella  of  a  particular  committee. 

Ertle  Thompson  was  elected  as  a  Fellow  to  the  academy  in  1979. 

Science  outside  the  academy  and  the  Commonwealth  of  Virginia  has 
benefited  from  the  efforts  of  this  man.  He  is  a  member  of  many  science 
organizations  particularly  those  concerned  with  science  education.  He  has 
served  as  officers  in  these  organizations,  presented  papers  to  them,  and 
been  honored  by  them  with  a  variety  of  awards.  He  has  served  as  a 
consultant  in  the  field  of  science  education  for  many  years  and  has  been 
asked  by  many  education  organization  and  governments  at  the  state  and 
national  level  to  advise  them. 

Ertle  is  a  native  of  Kentucky.  He  received  his  A.  B.  degree  from  the 
University  of  Kentucky  in  1952  in  science,  primarily  chemistry.  His  M.  Ed. 
and  Ed.D  degrees  came  from  the  University  of  Virginia  in  1958  and  1967 
respectively,  and  were  in  the  area  of  science  education.  After  four  years 
of  secondary  school  teaching  Ertle  began  his  career  at  the  University  of 
Virginia  where  he  is  now  Professor  of  Science  Education.  He  is  married, 
has  four  children,  and  two  grandchildren. 

The  VAS  thanks  Ertle  Thompson  for  his  service  to  the  academy. 
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Profiles  is  proud  to  recognize  the  contributions  of  Dallas  W.  Cocke  to 
the  Virginia  Academy  of  Science  (VAS).  She  has  been  a  member  of  the 
academy  since  1978.  In  1979  Dallas  became  a  member  of  the  Virginia  Junior 
Academy  of  Science  (VJAS)  committee.  In  this  capacity  she  has  served  as  a 
section  chairman  and  assisted  in  budget  preparation.  Currently,  she  is  a 
fund  raiser,  assistant  committee  chairm.an,  and  coordinator  for  the  American 
Junior  Academy  of  Science  (AJAS)  activities.  In  this  latter  capacity  she 
is  responsible  for  all  arrangements  for  the  VJAS  students  to  attend  the 
national  meeting.  She  has  accompanied  these  students  to  meetings  held  in 
Toronto,  1981;  Washington,  D.  C.,1982;  Detroit,  1983;  and  New  York  City, 
<1984.  By  1982  she  was  on  the  AJAS  committee  and  assisting  with  the 
Washington  and  Detroit  meetings.  In  1983  she  was  selected  by  the  board  of 
the  National  Association  of  Academies  of  Science  (NAAS)  to  be  the  Director 
of  the  AJAS,  a  position  she  still  holds.  The  directorship  of  the  AJAS 
places  her  on  the  board  of  the  NAAS. 

The  VAS  appointed  Dallas  chairman  of  the  VAS  Fund  Raising  committee  in 
1982.  Under  her  leadership  the  activities  and  results  of  this  committee 
have  increased  m.any  times.  Most  of  the  monies  raised  have  helped  the  VJAS. 
She  has  developed  new  sources  of  income  and  revived  sources  that  were 
inactive.  She  continues  to  serve  in  this  capacity. 

Dallas  W.  Cocke  was  elected  as  a  Fellow  in  the  academy  in  1983. 

Dallas  is  active  in  other  professional  organizations  where  she  often 
presents  papers.  The  Science  Museum  of  Virginia  was  a  recipiant  of  her 
labors  when  it  first  started.  She  has  served  other  non-science 
organizations  including  her  church. 

A  native  of  Richmond,  Virginia  and  a  graduate  of  The  Collegiate 
Schools,  Dallas  received  her  B.  A.  degree  in  English  and  science  from  Duke 
University  in  1962.  In  1973  she  completed  a  M.  Ed.  degree  at  Virginia 
Commonwealth  University  in  guidance  and  counseling.  1973  also  was  the 
beginning  of  her  career  as  a  science  teacher  at  The  Collegiate  Schools 
where  she  is  currently  teaching  8th  grade  Biology,  She  is  married  to  a 
Richmond  lawyer,  Richard  Cocke,  and  has  a  son  who  is  a  senior  at  The 
Collegiate  Schools  and  a  daughter  who  is  a  freshman  Echols  Scholar  at  the 
University  of  Virginia. 

The  VAS  thanks  Dallas  W.  Cocke  for  her  service  to  the  academy. 
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Dr.  Herbert  McKennis,  Jr. 

(January  29,  1916  —  October  20,  1983) 


A  native  of  New  York,  Dr.  McKennis  attended  Harvard  College,  where 
he  received  a  B.S.  degree  in  Chemistry  in  1938.  During  1938-1939  he  was 
employed  as  Chemist  at  Nuodex  Products  Company,  Elizabeth,  New  Jersey 
and  subsequently  as  Chemist  (Head,  Analytical  Department)  at  CIBA  Pharma¬ 
ceutical  Products,  Summit,  New  Jersey,  1940-1942.  During  these  periods 
of  employment,  he  pursued  Graduate  Studies  (evening)  in  Organic  Chemistry 
at  the  Polytechnic  Institute  of  Brooklyn,  In  1942,  he  enrolled  as  a  Ph.D. 
candidate  under  Dr.  Vincent  du  Vigneaud  at  Cornell  University  and  was 
graduated  in  1945  with  a  major  in  Biochemistry  and  minors  in  Physiology 
and  Pharmacology. 

In  1945,  Dr.  McKennis  began  the  first  of  three  tours  of  academic  appoint¬ 
ments  at  the  Medical  College  of  Virginia:  Assistant  Professor  of  Chemistry, 
1945-1946;  Associate  Prof essor  of  Biochemis try ,  1948-1949;  Associate  Professor, 
1953-1955,  and  Professor  of  Pharmacology,  1955-1980.  Interspersed  were 
periods  as  Instructor  in  Physiological  Chemistry  at  Johns  Hopkins  School 
of  Medicine,  1946-1948,  and  Head,  Basic  Sciences  Research  Department  (chem¬ 
istry,  physics  and  electronics),  U.S.  Naval  C.E.  Laboratory,  Solomons 
Island,  Maryland  and  Port  Hueneme,  California,  1949-1953.  In  what  became 
his  terminal  move,  he  accepted  appointment  as  Research  Professor,  Department 
of  Pathology,  University  of  Miami,  in  1980. 

Dr.  McKennis  was  author  or  co-author  of  more  than  a  hundred  publications. 
All  of  these  evidence  his  passion  for  strictly  documented  proof  for  the 
validity  of  reported  findings. 

Among  early  studies  was  a  series  devoted  to  the  relationship  of  the 
structure  of  cholesterol  to  its  ability  to  promote  growth  of  Attagenus 
larvae,  including  methods  of  synthesizing  of  a  number  of  cholesterol 
derivatives. 

While  at  the  U.S.  Naval  C.E,  Laboratory,  Investigation  of  the  resistance 
of  the  tropical  wood  Demerara  greenhart  to  infection  by  molluscan  crustacean 
marine  borers  was  undertaken  with  resultant  isolation  of  a  tetramethoxylated 
alkaloid  which  was  named  rodlasine,  the  dimethochloride  of  which  had  an 
activity  approximately  one-half  that  of  tubocurarine  chloride. 

During  the  period  when  hydrazine  and  many  derivatives  were  becoming 
Increasingly  important  as  chemical  intermediates  and  also  finding  widespread 
use  in  agriculture  and  chemotherapy,  Dr.  McKennis  and  his  co-workers  undertook 
a  series  of  studies  on  these  materials.  Included  were  methods  for  their 
determination,  effect  of  structure  on  the  ability  of  hydrazino  compounds 
to  produce  fatty  livers,  and  studies  on  the  excretion  of  hydrazine  and 
metabolites. 

But  it  is  in  the  question  of  the  biotransf orraation  products  of  nicotine 
that  Dr.  McKennis  has  left  an  indelible  record  of  achievement.  The  pharmaco¬ 
logic  actions  of  nicotine  had  fascinated  scores  of  investigators  for  over 
a  half  century,  but  up  to  the  mid-1950s  not  a  single  mammalian  metabolite 
of  nicotine  had  been  unequivocally  established.  At  this  point  McKennis 
and  his  co-workers  turned  concentrated  attention  to  this  matter  and  over 
succeeding  years  achieved  isolation  and  chemical  Identification  of  nine 
metabolites  stemming  from  metabolic  alterations  in  the  pyrrolidine  ring. 
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Additionally,  two  quaternary  ammonium  compounds,  nicotine  methonium  ion 
and  cotinine  methonium  ion  and  cotinine  methonium  ion  were  identified 
as  metabolites. 

In  addition  to  the  American  Society  of  Biological  Chemists  and  the 
American  Society  of  Pharmacology  and  Experimental  Therapeutics,  Dr.  McKennis 
was  a  long-time  member  of  the  Virginia  Academy  of  Science.  He  served 
on  the  council,  its  governing  body;  was  a  member  and  for  a  term  chaired 
the  Research  Committee  which  administers  the  research  funds  of  the  Academy 
and  the  J.  Shelton  Horsely  award  given  for  the  best  scientific  paper  (in 
competition)  presented  at  the  annual  Academy  meeting.  He  participated 
actively  in  the  Academy's  publication  program  and  for  several  years  was 
editor  of  the  Virginia  Journal  of  Science,  the  scientific  quarterly  publication 
of  the  Academy.  In  these  and  all  of  the  other  Academy  activities  in  which 
he  engaged  he  performed  with  dignity  and  distinction. 

Dr.  McKennis  is  survived  by  a  daughter,  Ms.  Caludia  McKennis  and  two 
sons,  Quentin  and  Jeffrey. 


Reprinted  from  The  Pharmacologist ,  Vol.  26,  No.  4,  pp.  286-287 ,  with  permission 
of  the  Editor  and,  permission  of  Dr.  Paul  S.  Larson. 
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The  James  River;  Its  Use  and  Misuse 


Introduction 

David  W.  Towle 
University  of  Richmond 

This  symposium,  “The  James  River:  Its  Use  and  Misuse",  was  presented  at 
the  University  of  Richmond  on  February  14,  1981.  The  symposium  was  sponsored 
by  the  University's  Sigma  Xi  Club,  and  supported  by  the  Science  and  Society 
Program  of  the  national  Sigma  Xi  organization  and  by  the  University's  Thomas 
Lecture  Fund.  It  sought  to  bring  together  scientists  studying  physical  and 
biological  aspects  of  the  James  River  with  individuals  concerned  with  the 
ecological  future  of  the  river.  Only  five  years  after  the  disclosure  of  major 
Kepone  contamination  in  the  lower  James,  and  not  many  more  years  after  a 
successful  thwarting  of  attempts  to  pave  the  edge  of  the  river  with  a  downtown 
expressway,  the  goals  of  the  symposium  were  to  focus  on  the  impacts  of  human 
activity  on  the  health  of  the  James.  The  ecological  background  of  the  river 
was  presented  in  an  imaginative  slide-sound  program,  difficult  to  capture  in 
print.  The  possibility  of  thermal  pollution,  the  reality  of  Kepone  pollution, 
and  the  likelihood  of  further  engineering  projects  were  discussed  by 
scientists  doing  the  work.  The  James  River  as  a  fisheries  resource  was 
addressed  by  a  waterman  and  a  fisheries  scientist.  Planning  for  the  future  of 
the  James  was  discussed  by  a  local  leader  in  conservation,  by  a  professional 
regional  planner,  and  by  an  environmental  lawyer.  The  presentations  were 
well-received  by  an  audience  of  over  140  people  from  throughout  Virginia. 

The  proceedings  of  the  symposium  were  assembled  at  the  request  of  Or. 
Nolan  E,  Rice,  Editor  of  the  Virginia  Journal  of  Science.  Major 
responsibility  for  compiling  the  material  was  accepted  by  Dr.  William  S. 
Woolcott,  one  of  the  participants  in  the  symposium.  All  of  the  speakers  were 
given  an  opportunity  to  update  their  presentations.  In  particular,  the  paper 
on  legal  aspects  of  river  use  was  given  a  major  revision  because  of 
substantial  legislative  changes  in  the  last  four  years.  Special  thanks  go  to 
Mrs.  Jo  Layton  for  transcribing  from  tape  several  of  the  presentations.  Mrs. 
Sarah  Lehman  and  Miss  Alicia  Miles  provided  invaluable  assistance  in  preparing 
manuscripts  for  publication.  Also  thanks  are  due  Dr.  Warwick  R.  West,  Jr.  who 
brought  Sigma  Xi's  Science  Society  Program  to  my  attention,  and  to  Dr.  Gresham 
Riley,  formerly  Dean  of  the  Faculty  of  Arts  and  Sciences,  University  of 
Richmond,  for  introductory  remarks  relative  to  the  subject. 
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The  Allocation  of  Janies  River  Living  Marine  Resources 


Herbert  M.  Austin 

School  of  Marine  Science 
Virginia  Institute  of  Marine  Science 
College  of  William  and  Mary 
Gloucester  Point,  Va.* 

Man  has  traditionally  considered  oceanic  resources  as  infinite  and  common 
property.  The  concept  of  this  philosophy  is,  "get  what  you  can,  before 
someone  else  does,"  the  "Tragedy  of  the  Commons,"  exploitation  as  opposed  to 
management.  The  concept  of  resource  management  on  the  other  hand  is  to 
provide  rewards,  be  they  the  pleasure  of  catching,  or  the  economic  profit  of 
selling  the  captured  resource  to  as  large  a  segment  of  the  population  as 
possible,  over  as  long  a  period  as  possible. 

Management  of  living  marine  and  estuarine  resources  is  still  a  new 
endeavor,  in  spite  of  the  age  of  the  agencies.  The  ocean  was  not  "managed" 
until  1976  with  the  passage  of  the  Fisheries  Conservation  and  Management  Act 
of  1976  which  gave  the  United  States  exclusive  resource  jurisdiction  from  3  to 
200  n.  miles  offshore.  This  act  was  the  result  of  foreign  and  domestic 
fishing  pressure  on  the  stocks  which  brought  subsequent  pressure  on  the 
politicians.  When  the  finite  limit  of  the  resource  was  reached,  the  less  able 
to  compete  (the  American  fisherman)  used  political  force  to  equalize  the 
balance  of  power  through  legislation  and  realized  a  greater  share  of  the 
allocation. 

The  problems  of  open  ocean  and  shelf  resource  allocation,  while 
complicated,  are  dwarfed  in  comparison  to  the  allocation  problems  of  coastal 
living  resources  that  move  freely  across  state  boundaries,  and  are  subjected 
to  differing  management  regimes  as  they  do  so.  The  James  River  is  a  microcosm 
of  the  coastal  Mid-Atlantic  estuarine  ecosystem,  with  all  the  attendant 
pressures  on  the  resources. 

Allocation  between  man  and  resource 

The  pressure  on  each  finite  resource  is  directly  proportional  to  the 
proximity  of  man.  In  an  area  such  as  the  James  River  the  living  marine 
resource  must  share  with  man  not  only  its  biomass,  but  its  extrinsic  resource, 
the  water  it  lives  in,  its  habitat. 

The  allocation  of  this  riverine  environment  between  man's  uses  and  the 
River's  inhabitants  is  often  a  socio-economic  judgment  by  regulatory  agencies, 
but  as  often  as  not,  a  political  decision.  Man  competes  both  for  space  and 
the  water.  Once  through  cooling,  sewage,  chlorination,  purposeful  or 
accidental  discharges  of  oil,  herbicides,  pesticides  and  fertilizers  all 
reduce  the  quality  of  the  resource's  environment. 

Allocation  of  resources  between  man 

Just  as  he  does  at  sea,  man  competes  with  man  in  the  James  for  allocation 
of  the  finite  resource.  Competition  for  access  to  the  resources,  living  and 
mineral  is  keen.  Sand,  gravel,  oyster  shell  are  three  mineral  resources  that 
are  vital  to  the  tidewater  economy.  Their  stewardship,  maintained  by  the 
Virginia  Marine  Resources  Commission,  is  often  a  difficult  one  as  they  must  be 
allocated  between  those  desiring  to  mine  them  from  the  state  owned  sub-aqueous 
lands,  or  left  in  place  as  part  of  the  living  resource  habitat. 

Not  only  is  access  to  state  owned  sub-aqueous  mineral  resources  a  growing 
concern;  but  so  to  is  access  by  the  public  to  the  shore.  Ownership  of  the 
lands  above  the  highwater  mark,  or  vegetated  wetlands,  presupposes  control  of 
access.  It  is  therefore  possible  to  predict  the  eventuality  of  no  public 
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access  to  the  shore  except  where  Federal,  State,  or  local  government  provide 
and  maintain  it  at  tax  payers  expense.  At  many  such  "public  ownerships"  an 
access  fee  is  charged.  The  beach  may  remain  free,  but  not  so  the  right-of- 
way.  Today,  however,  I  want  to  focus  on  the  living  marine  resources,  in 
particular  the  shellfish,  the  oyster  and  hard  clam,  their  access  in  state 
river  bottom,  how  one  may  harvest  the  resource,  and  who  is  permitted  to 

harvest  it.  Let  us  consider  the  three  most  controversial  areas. 

James  River  Seed  Oyster 

Currently,  75%  of  the  seed  oyster  in  Virginia  comes  from  the  public 

oyster  rocks  in  the  lower  James.  State  law  allows  their  harvest  by  hand  tong 
only.  Tongers  sell  to  a  "buyboat"  or  trucker  (broker)  on  shore,  each  man 
tonging  50-100  bushels  a  day.  These  seed  are  sold  to  private  planters  to 
"plant"  on  their  river  leases.  If  the  MRC  wishes  to  obtain  seed  from  the 
James  to  rehabilitate  or  replace  depleted  public  oyster  rock  they  too  must 
have  the  watermen  obtain  the  seed.  Generally  they  pay  an  agreed  upon  sum  per 

bushel  and  have  the  tonged  seed  loaded  on  a  leased  or  chartered  boat  (or 

truck)  to  transport  to  the  selected  public  rock. 

A  more  economic  procedure  would  be  to  harvest  the  seed  by  dredge,  selling 
some  to  private  lease  holders  and  planting  the  rest  on  public  bottom.  This 
would  lower  the  cost  of  seed  from  $2.50/Bu  to  .60-.70/Bu.  A  third  alternative 
is  to  make  some  of  the  less  productive  rocks  or  those  too  deep  to  tong 

available  to  private  concerns  so  they  can  produce  or  plant  their  own  seed  at  a 

considerable  saving. 

Studies  have  shown  that  the  major  loss  in  Virginia  oyster  production 
since  1960  has  been  from  the  private  sector  while  public  harvest,  due  to  MRC 
repletion  has  remained  essentially  constant.  To  rebuild  the  Virginia  oyster 
industry  we  need  to  make  low  cost  seed  available  to  the  private  grower.  In 

doing  so  a  share  of  the  profit  will  be  redirected  from  the  watermen.  What 

will  this  reallocation  do  to  the  watermen,  already  hurt  by  Kepone  and  steady 
oyster  prices  during  a  period  of  raising  operating  costs?  The  trade-off  is 
socio-econo-political,  not  environmental.  Such  a  decision  is  up  to  the 
General  Assembly. 

Unassi gned  bottom 

There  are  27,841  acres  of  public  oyster  ground  (Baylor  Bottom)  and  about 
15,000  acres  of  leased  bottom  in  the  James  River.  In  addition,  there  is  large 
acreage  of  unassigned  bottom,  of  this,  some  20,000  acres  are  below  the  James 
River  Bridge  and  produce  hard  clams.  These  higher  salinity  unassigned  grounds 
with  the  oyster  disease  MSX ,  so  prevalent  makes  them  unattractive  to  lease  and 
grow  out  market  oysters.  They  are  ideal  however  for  hard  clams.  These 
unassigned  grounds  can  be  leased  for  hard  clam  harvest  or  culture  at 
$1 .50/acre/year,  They  are  currently  being  worked  by  watermen  using  patent 
tongs.  They  are  lost  to  the  watermen  when  they  are  leased.  An  alternative  is 
to  set  them  aside  as  "public  clam  grounds."  The  decision  as  to  the  allocation 
of  these  clam  grounds  is  up  to  the  MRC.  Who  will  get  what,  and  how  much?  Or, 
will  the  General  Assembly  be  pressured,  as  it  is  now  to  stop  the  private 
1  easing. 

Hydraul  i  c  dredge 

The  question  of  leasing  state  bottom  for  clam  harvest  is  more  complex 
than  simply  who  gets  the  use  of  the  bottom.  On  Hampton  Bar  in  the  lower  James 
some  1,800  acres  of  "unassigned  ground"  were  leased  during  fall  1980  and  a 
permit  issued  to  use  a  hydraulic  escalator  dredge  for  the  taking  of  clams. 
This  gear,  which  is  seven  times  more  efficient  than  the  patent  tong,  was 
opposed  by  the  watermen  in  mass  at  the  MRC  and  in  the  halls  of  the  General 
Assembly . 

Here  the  question  of  resource  allocation  raised  a  new  consideration.  Not 
who  gets  it,  but  how  will  he  be  allowed  to  take  it.  To  keep  the  watermen 
competitive,  the  lease  holder  may  not  use  his  efficient  dredge,  he  too  must 
use  the  patent  tong,  or  so  Senate  Bill  60  stipulated.  S.  B.  60  made  illegal 
the  use  of  hydraulic  dredge  for  the  harvest  of  hard  clams  even  on  leased 
bottom.  A  legislative  allocation  from  industry  pressure.  (The  bill  became 
law  in  1981.) 
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The  Question 

The  examples  posed  here  do  not  answer  the  question  of  who  receives  the 
allocation  nor  who  shall  make  the  decision.  It  raises  a  larger  question,  how 
do  we  decide  who  gets  the  resource?  What  shall  be  our  criteria?  Virginia's 
unwritten  resource  policy  is  legislation  enforcing  inefficiency  of  harvest  by 
restricting  new  techniques  thereby  not  harvesting  above  a  maximum  sustainable 
yield,  but  more  importantly,  not  permitting  efficient/effective  harvest 
techniques  to  put  anyone  out  of  work.  This  policy  insures  the  watermen  an 
allocation  of  the  finite  resource.  Other  states  do  not  allocate  shellfish 
resources  among  harvesters  with  the  exception  of  Maryland  and  its  sail  powered 
Skipjack.  The  Skipjack,  a  sailboat  can  only,  on  certain  days  of  the  week,  tow 
an  oyster  dredge  while  under  sail.  Can  Virginia  continue  its  policy  of 
enforced  inefficiency  in  an  inflationary  economy?  Must  we  move  to  the  more 
modern,  efficient  techniques,  allowing  increased  production,  but  with  the 
resultant  erosion  of  the  watermen?  Can  we  afford  not  to,  can  we  afford  to? 
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Richmond  Regional  Planning  District  Commission* 


Today,  we've  heard  many  specific  issue  areas  that  have  been  addressed 
elating  to  the  James  and  our  impact  on  the  River.  These  impacts  on  the 
resource  have  ranged  from  preserving  what  is  there,  to  the  impacts  of  toxic 
wastes  on  the  River.  They  have  grown  out  of  the  conflicting  demands  that  are 
placed  on  the  River  and  on  the  River  resource. 

The  questions  at  hand  are  how  to  resolve  these  issues,  who  will  be  the 
decision-makers  and  how  can  we  avoid  ruining  the  River  over  these  conflicting 
demands. 

I  would  like  to  discuss  three  areas  today.  The  first  is  the  nature  of 
conflicting  demands  on  the  River;  the  second  is  what  are  the  issues  affecting 
the  River;  and  third,  what  is  a  prognosis  for  the  future.  But  first,  we 
should  recognize  the  importance  of  the  James  River. 

The  James  River,  stretching  from  the  confluence  of  the  Jackson  and 
Cowpasture  Rivers  in  the  Appalachian  Mountains,  to  its  mouth  at  Hampton  Roads 
on  the  Chesapeake  Bay,  is  a  special  resource  to  the  Country,  the  State  and  to 
this  Region,  not  only  from  an  economic  standpoint,  but  historically, 
culturally  and  environmentally  as  well.  Yet,  mention  the  James  River  to  ten 
people  and  it  conjures  up  ten  different  thoughts.  What  comes  to  mind  when  you 
think  of  the  James  River?  Some  think  of  the  national  historical  significance 
of  the  River. 

The  River  holds  national  significance  for  several  reasons.  First,  some 
of  the  nation's  earliest  settlements  and  industries  located  near  the  River. 
These  early  developments  included  the  Jamestown  settlement  of  1607,  the  first 
iron  works  in  1611  at  Falling  Creek,  and  America's  first  shipyard  (located  in 
Chesterfield  County),  in  1617.  The  James  River  also  offered  one  of  America's 
Initial  forums  for  discussion  of  the  nation's  desires  to  provide  better  access 
to  the  West  through  the  use  of  canal  systems.  George  Washington  argued  that 
the  nation  needed  a  good  canal  system  for  political,  economic  and  military 
reasons.  Although  the  canal  did  not  meet  Washington's  expectations  of 
providing  a  permanent  interstate  access  route,  it  did  make  intrastate 
commercial  activities  much  more  attractive  during  the  mid-1800's. 

The  James  River  also  has  national  historic  significance  because  of  its 

strategic  importance  during  the  Civil  War.  Richmond,  the  Capital  of  the 

Confederacy,  was  located  at  the  Falls  of  the  James,  The  Tredegar  Iron  Works, 
which  produced  most  of  the  South's  iron  was  also  located  in  Richmond  along  the 
James. 

Perhaps  you  feel  the  River  holds  prominence  because  of  its  impacts  on  the 
State  of  Virginia. 

The  James  River's  history  is  perhaps  more  significant  when  considered 
from  a  State  perspective,  particularly  in  economic  and  cultural  terms.  The 
River  provided  Virginians  with  the  opportunity  to  trade  with  other  parts  of 
the  Nation  and  the  State,  In  the  1800's,  large  flat  barges  (bateauxs) 

transported  flour,  tobacco,  coffee  and  sugar  throughout  the  State.  Richmond 
and  the  James  River  also  served  as  an  important  middle  point  between  the 

markets  of  the  deep  south  and  the  markets  of  the  northeast.  The  Richmond  area 
today  is  located  within  500  miles  of  half  of  the  nation's  population. 

Culturally,  the  James  is  Virginia's  most  historic  river.  Many  of 
Virginia's  and  America's  most  prominent  individuals  and  families  have  lived  in 
the  River's  vicinity,  including  Benjamin  Harrison,  William  Byrd,  John  Tyler 
and  Thomas  Jefferson.  Both  Williamsburg,  Virginia's  old  capital,  and 
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Richmond,  the  Capital  of  the  Confederacy  and  the  State's  current  political, 
cultural  and  economic  center,  are  located  on  the  James  River.  Finally,  many 
of  the  large  southern  plantations  are  located  along  the  banks  of  the  James. 
These  plantations  hold  a  prominent  place  in  Virginia's  history  because  of 
their  former  economic  status,  which  included  very  large  land  holdings  and  a 
dominant  role  in  the  State's  agricultural  sector,  and  also,  because  of  their 
impact  in  defining  and  shaping  the  South's  cultural  norms  and  standards.  Some 
of  the  most  prominent  plantations  which  are  located  in  the  vicinity  of  the 
City  of  Hopewell  include  Shirley  Plantation,  Tree  Hill  Plantation,  Berkeley 
Plantation,  Wilton's  Plantation,  and  Westover  Manor. 

Most  of  us  however  think  of  the  James  River  right  here  at  home  in 

Richmond. 

When  asked  what  they  think  about  the  River,  people  respond  with  a  variety 
of  answers.  Some  of  those  answers  include  -  it's  a  hassle  to  get  across 
because  of  bridges  or  lack  of  bridges.  Others  think  of  the  rocks  to  climb  on 

in  the  summer.  Some  think  of  no  parking  or  no  access  to  the  River  at  all,  and 

some  just  answer  you  very  honestly  -  "what  River?" 

Prior  to  addressing  the  issues  in  the  James  River  Corridor,  it  is 

important  to  first  understand  the  character  of  the  River  especially  through 
the  Richmond  Region.  Currently,  there  are  17,400  persons  living  within  a 
2,000  foot  special  study  corridor  of  the  River  in  the  area  within  the  Richmond 
Region  above  the  Fall  Line.  13,250  of  these  live  in  the  urbanized  area 
alone.  In  this  region  the  population  relies  on  the  River  and  in  at  least  one 
of  the  following  ways: 

*  As  a  source  of  water,  Richmond  and  Henrico  both  withdraw  from 
the  River  an  average  of  51  million  gallons  per  day  (MOD). 

This  51  MOD  supports  the  water  needs  of  380,000  people  and  an 
assortment  of  industrial  users.  The  current  capacity  of  the 
water  treatment  plant  located  west  of  the  City  is  66  MOD. 

*  Transportation  is  another  use  of  the  River.  Currently,  there 
is  a  Deepwater  Terminal  located  below  the  Fall  Line  which  in 
1979  handled  246,000  tons  of  cargo.  This  was  a  100  percent 
increase  over  the  1976  level  of  125,000  tons. 

*  We  rely  on  the  River  also  as  a  recreation  resource.  The 
James  River  and  its  corridor  is  a  unique  environment  in  the 
sense  that  it  is  a  natural  environment  right  through  a  major 
urban  area  as  well  as  through  major  rural  areas;  and  yet,  few 
know  that  it's  there  and  its  use  is  severly  limited. 

Richmond  is  the  only  City  in  the  United  States  that  can  boast 
having  white  water  rapids  through  the  downtown  area.  The 
demand  for  recreation  opportunities  is  increasing  due  in  part 
to  the  cost  of  travel  and  the  desire  for  recreation 
opportunities  closer  to  home.  Current  uses  of  the  River 
environment  include  hiking,  fishing,  swimming,  picnicing, 
nature  study,  boating,  hunting  and  horseback  riding.  Rafting 
alone  along  the  James  River  has  shown  a  233  percent  increase  in 
four  years.  The  James  River  Park  in  the  City  of  Richmond  is 
also  showing  a  steady  increase  in  visitors. 

*  Industry  also  places  demands  on  the  James  River. 

Historically,  industry  located  along  the  River  because  of  the 
River  resource.  During  the  late  1700' s  and  throughout  the 
1800's,  more  than  three  dozen  mills  operated  along  the  River 
or  tributary  streams  in  the  Richmond  area.  Today,  there 
stand  the  remains  of  a  number  of  dams  and  levees  which  were 
used  for  a  variety  of  water  diversion  purposes,  including  the 
diversion  of  water  into  the  James  River  and  Kanawha  Canal  to 
power  these  mills.  The  area  between  the  Canal  and  the  Haxall 
Mi  11  race  on  the  north  bank  of  the  River  in  the  downtown  area 
of  Richmond  became  one  of  the  most  desirable  places  to  locate 
a  mill  or  factory.  This  area  became  the  industrial  heart  of 
the  City  through  the  Nineteenth  Century. 
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Today,  some  of  the  original  mills  still  exist.  On  the  north 
bank  is  the  Hollywood  Mill  of  the  James  River  Paper  Company. 

Water,  which  is  still  drawn  from  the  James  River  and  Kanawha 
Canal,  is  used  to  generate  electricity  in  the  Mill  and  to 
produce  paper  products  for  use  in  automobile  oil  and  air 
filters  as  well  as  blotting  papers  which  have  been  produced 
since  the  turn  of  the  century. 

West  of  the  Hollywood  Mill  is  the  site  of  the  Tredegar  Iron 
Works,  which  was  one  of  the  primary  munitions  factories  for 
the  Confederacy.  It  was  also  one  of  the  largest  and  most 
important  iron  foundaries  in  the  South  and  is  currently 
being  restored. 

Today,  industrial  activities  along  the  River  consist  of  a 
mixture  of  the  old  and  the  new.  Industry  locations  are  now 
more  non-river  resource  oriented,  as  more  industries  rely  on 
water  from  the  domestic  water  systems  and  discharge  partially 
into  the  River  and  municipal  sewer  systems  rather  than  taking 
and  discharging  directly  into  the  River. 

*  Currently,  there  are  four  municipal  sewage  treatment  plants 
located  on  the  James  River  through  this  region.  The  combined 
capacity  of  these  plants  is  130  MGD,  with  an  average  flow  of 
107  MGD.  In  addition  to  the  municipal  sewage  treatment 
plants,  there  are  eight  major  industries  discharging  treated 
waste  into  the  River.  This  includes  180  MGD  from  industrial 
cooling,  and  12  MGD  of  industrial  waste  and  sewage, 

*  From  an  environmental  perspective,  the  James  River  serves  as 
a  significant  wildlife  habitat.  There  are  over  90  species  of 
birds  countable  in  this  area,  and  there  are  more  than  53 
species  of  fish  found  in  the  Falls  area  alone.  There  is  an 
effort  occurring  in  the  Virginia  State  Legislature  that  would 
reestablish  fish  ladders  in  the  Falls  Area  to  encourage 
natural  migration  of  previously  native  fish  up  to  the  Bosher 
Dam  area. 

Summarizing  the  demands  the  population  places  on  the  River,  the  James 
River  is  a  resource  relied  on  for:  water,  transportation,  recreation, 
industry,  wastewater  treatment,  and  a  natural  environment.  What  are  the 
issues  surrounding  the  demands  on  the  River?  The  James  River,  through  the 
Richmond  Region,  will  need  to  support  a  growing  population  in  the  years  to 
come.  The  Region  is  projected  to  grow  from  627,000  people  in  1980  to  775,000 
in  the  year  2000.  How  will  the  River  resource  respond  to  the  growing  demands 
being  placed  on  it,  and  how  will  it  respond  to  new  demands  in  the  future? 
What  are  the  issues? 

The  River  is  used  for  water,  power  generation,  and  sewage  treatment 
disposal.  The  City  of  Richmond  currently  has  eight  hydroelectric 
generating  units  operating  on  the  James  River. The  electrical  output  from 
these  facilities  supplies  5  percent  of  the  power  needed  for  City 
operations.  The  average  annual  output  from  these  units  over  the  last 
ten  years  was  14  million  kilowatt  hours  per  year.  This  is  equivalent  to 
8,700  barrels  of  crude  oil,  which  at  $30  per  barrel,  represents  $261,000 
per  year. 

The  River  is  also  used  in  the  production  of  fossil  fuel  energy. 
Virginia  Electric  and  Power  Company  (Vepco)  operates  a  plant  in 
Chesterfield  County  capable  of  producing  1,413  megawatts  of 
electricity.  Water  from  the  River  is  an  integral  part  of  this  process 
serving  as  a  cooling  medium  in  addition  to  steam  generation.  Vepco  also 
operates  the  Surry  Nuclear  Power  Plant  on  the  James  River.  This  plant, 
capable  of  producing  1,500  megawatts  of  electricity,  also  uses  water 
from  the  River  for  cooling  purposes.  The  return  of  this  heated  water 
back  to  the  River  is  one  source  of  thermal  pollution. 
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In  order  to  meet  the  year  2000  water  needs,  upgrading  of  the  water 
treatment  facility  is  currently  ongoing.  This  will  increase  the  total 
capacity  of  the  system  from  66  MOD  to  100  MGD,  with  a  further 
possibility  for  expansion  in  the  future  to  136  MGD.  Due  to  current 
limitations  on  capacity  of  the  four  existing  municipal  sewage  treatment 
facilities,  there  is  a  proposal  to  establish  a  fifth  Wastewater 
Treatment  Facility  in  the  Richmond  Region,  to  be  located  in  Henrico 
County.  Funding  of  this  facility  is  an  issue  which  is  tied  in  part  to 
certain  water  quality  issues  in  the  region,  and  federal  funding  program 
changes. 

One  issue  relating  to  this  source  of  water  is  the  need  for  an  adequate 
water  supply  meeting  acceptable  water  quality  standards.  This  involves 
the  preservation  of  an  adequate  supply  of  water  for  future  needs  in  the 
Richmond  Region  and  ensuring  that  they  meet  acceptable  standards.  The 
growth  of  the  Richmond  Region  places  demands  on  the  River,  not  only  as  a 
source  of  drinking  water,  but  also  as  a  major  water  body  contributing  to 
the  economic  development  of  the  region.  In  order  to  preserve  the  water 
quality,  land  uses  should  be  evaluated  considering  runoff  impact, 
erosion  potential  and  pollution  potential.  This  includes  the  protection 
of  the  flood  plains  which  can  assist  in  the  management  of  this  runoff. 

A  future  area  of  concern  will  be  toxic  waste  disposal  and  possible 
subsequent  groundwater  pollution.  Steps  should  be  taken  to  plan  for 
necessary  disposal  sites  away  from  the  River  to  ensure  protection  of 
thi s  water  source. 

Good  water  quality  is  an  issue  which  is  not  only  important  to  general 
public  health  but  also  to  economic  development.  Since  the  flood  plain 
functions  in  the  management  of  runoff  into  the  James  River,  its 
development  should  be  protected.  Storm-water  runoff  from  existing 
development  should  also  be  controlled  using  the  flood  plain,  or  natural 
retention  ponds  to  protect  water  quality.  Development  in  the  corridor 
should  be  encouraged  to  minimize  any  adverse  effects  on  the  water 
quality. 

Another  issue,  which  ties  closely  to  the  heritage  of  the  River,  is  the 
preservation  of  historic  places  and  scenic  areas.  Many  historic  areas 
have  contributed  to  the  economic  vitality  and  character  of  the  State  and 
should  be  preserved.  Preservation  of  these  areas  can  be  accomplished 
through  acquisition,  easements,  and  natural  buffers  protecting  a  site. 
Renovation  of  these  areas  will  add  to  cultural  opportunities  in  the 
region  and  the  State.  The  scenic  quality  of  the  James  River  is 
unique.  The  preservation  of  these  characteristics  including  the  River, 
its  Falls,  white  water  and  the  islands  should  be  encouraged. 

Historically,  the  River  has  always  played  a  role  in  the  economic 
development  of  the  State  and  the  Region.  It  should  be  viewed  as  an 
economic  resource  which  can  improve  the  tax  base  and  employment  outlook 
for  the  region.  Coordinated  planning  strategies  are  imperative  which 
would  recognize  the  river  as  an  economic  resource.  However,  there 
should  be  a  balance  of  trade-offs  between  economic  development  and 
subsequent  possible  environmental  impacts  of  such  development  on  the 
James  River.  Development  that  occurs  in  the  Corridor  should  be 
evaluated  relative  to  its  environmental  impact.  Trade-offs  can  be  made 
to  balance  the  economic  benefits  and  environmental  impacts.  Rather  than 
developing  new  areas,  efforts  should  be  made  to  reuse  or  rehabilitate 
older  structures  which  may  minimize  adverse  environmental  impacts.  In 
areas  with  limited  economic  development  opportunities,  protection  of 
existing  natural  areas  should  be  encouraged. 

The  River  can  provide  water  for  cooling  and  steam  generation  for 
industry  as  well  as  a  means  of  shipping  raw  materials  and  finished 
products.  Given  this  resource,  suitable  industries  and  areas  for 
development  should  be  examined  to  provide  opportunities  for  appropriate 
industrial  development. 
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The  natural  characteristics  of  the  James  River  also  provides  potential 
for  recreation  and  tourism  as  a  form  of  economic  development.  The 
romantic,  historical  relationship  between  the  Richmond  Area  and  the 
James  River  provides  an  opportunity  to  stimulate  the  tourist  and 
recreation  industry.  Both  public  and  private  marinas  could  encourage 
the  use  of  the  River  which  could  stimulate  related  industries  providing 
services  to  both  the  local  and  tourist  populations.  Such  developments 
would  further  improve  employment  opportunities  and  improve  the  tax  base. 

Development  that  occurs  along  the  River  utilizes  the  resource  in  a 
variety  of  ways.  Appropriate  land  use  activities  in  the  James  River 
Corridor  can  be  planned  for  recognizing  relative  environmental  impacts 
as  a  criteria. 

With  growth  pressures  continuing  in  many  areas  of  the  Richmond  Region, 
residential,  commercial  and  industrial  development  should  occur 
considering  certain  criteria: 

*  Residential  developments  should  be  based  on  a 
neighborhood  or  village  concept  which  focuses  on 
the  James  River  as  an  amenity; 

■*  Residential  uses  should  be  designed  to  utilize  the 
rough  terrain  to  best  advantage  and  avoid  areas 
susceptible  to  flooding; 

*  Recreational  uses  and  development  of  access  points 
in  rural  areas  should  be  encouraged; 

*  Commercial  development  including  the  convention  and 
tourist  industries  should  focus  on  the  James  River; 

*  Heavy  industry  should  be  encouraged  to  locate  in  areas 
already  industrially  developed; 

*  Waterfront  development  should  be  coordinated  with  other 
transportation  planning  activities  in  the  corridor; 

*  When  land  use  planning  is  based  partially  on 
environmental  criteria,  then  this  criteria  should 
include  the  effects  of  runoff,  subsequent  erosion, 
clearing,  and  other  disturbances  of  the  natural 
landscape. 

Any  river  corridor  contains  flood  prone  areas  which  are  sensitive  and 
should  be  respected.  Flood  prone  area  development  controls  are 
necessary  but  to  what  extent  should  flood  prone  land  be  protected  from 
flooding?  Periodic  flooding  of  the  James  River  has  resulted  in  a 
significant  loss  of  property  and  money,  yet  some  of  the  areas  affected 
provide  an  important  economic  base  for  the  region  and  the  State.  While 
the  proposed  Richmond  Floodwall  has  the  potential  for  allowing 
development,  revitalization,  and  stabilization  of  economic  activity,  it 
should  be  determined  at  what  point  similar  protection  in  other  locations 
will  result  in  negative  environmental  impacts.  As  a  general  rule, 
development  in  flood  prone  areas  should  not  be  encouraged  because  of  the 
sensitive  nature  of  flood  plains.  Since  there  are  real  costs  associated 
with  flood  losses,  government  should  carefully  control  the  scale  of 
appropriate  uses  in  the  flood  plain  such  that  the  community  does  not 
subsidize  unnecessary  losses.  In  the  long  run  some  areas  could  be 
acquired  by  the  public  to  minimize  losses.  Policies  should  be 

established  which  will  control  the  filling  of  the  flood  plain  and  reduce 
other  activities  which  would  result  in  negative  environmental  impacts. 

Sixty-nine  percent  of  the  Richmond  Region  is  maintained  in  commercial 
forest  land,  while  25  percent  is  in  farmlands.  National  trends  indicate 
a  decrease  in  the  supply  of  agricultural  and  forest  lands.  The  James 
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River  Corridor  has  always  provided  land  suitable  for  forestry  and 
agriculture.  Preservation  of  certain  prime  agricultural  and  forest 
lands  within  the  James  River  Corridor  should  be  encouraged.  In  addition 
to  their  important  commercial  purposes,  prime  agricultural  and  forest 
lands  provide  opportunities  for  open  space  appreciation.  Since  these 
areas  are  difficult  to  replace  once  developed,  care  should  be  taken  to 
conserve  their  development.  The  areas  can  be  publicly  protected  or 
protected  via  private  easements. 

Preservation  concerns  should  include  maintaining  options  for  the  future, 
so  if  necessary,  food  can  be  produced  closer  to  home.  Techniques  that 
can  be  employed  to  preserve  these  lands  can  include  tax  incentives  and 
programs  to  increase  the  productivity  of  the  land. 

Below  the  Fall  Line,  the  River  provides  a  significant  water 
transportation  route  associated  with  the  deepwater  and  intermediate 
cargo  terminals.  These  facilities  provide  a  means  of  bringing  materials 
into  the  area  and  exporting  finished  products.  Those  products  include 
sand,  gravel,  petroleum  products,  fertilizers,  sulphur,  seafood  and 
newsprint.  At  the  present,  the  River  below  the  Falls  Area  through  the 
Region  is  not  capable  of  accommodating  nighttime  navigation,  thus 
limiting  the  amount  of  traffic  that  can  occur  on  the  river.  Should 
nighttime  navigation  capabilities  be  instituted,  it  is  estimated  by 
officials  at  the  City  of  Richmond  Deepwater  Terminal  that  the  goods 
moving  through  the  Region  could  double  in  tonnage. 

It  is  interesting  to  note  that  in  1925,  prior  to  development  of  the 
water  terminals,  the  River  provided  a  much  more  significant 
transportation  route  with  358,427  tons  of  cargo  moving  through  the  area 
which  is  50  percent  more  than  it  currently  handles.  At  that  time,  the 
James  River  ranked  second  among  all  rivers  on  the  East  Coast  in  the 
value  of  tonnage,  begin  exceeded  only  by  the  Hudson  River.  As 
alternative  transportation  means  developed  however,  cargo  movement  on 
the  River  decl i ned. 

Another  transportation  issue  deals  with  the  natural  barrier  that  the 
River  creates  for  land  based  transportation,  in  the  form  of  bridges 
across  the  James  River.  River  crossings  of  the  James  River  are  limited 
in  many  areas  of  the  Region,  and  the  remainder  of  the  State.  The 
removal  of  these  obstacles  is  needed  to  spur  economic  development  and 
improve  access.  Bridge  construction  alternatives  should  consider 
economic  opportunities  and  impact.  Care  should  be  taken  so  as  not  to 
limit  commercial  vessel  access  to  the  River. 

The  demand  for  recreation  opportunities  along  the  James  River  continued 
to  grow  each  year.  This  increased  use  of  the  River  for  recreation  has 
resulted  in  typical  problems  associated  with  unmanaged  recreation 
areas.  By  far,  one  of  the  biggest  recreation  issues  today  is  managed 
public  access  to  the  River  and  its  corridor  environment.  Providing 
access  to  the  James  River  includes  responsibilities  beyond  providing 
only  launching  points  or  pathways.  Access  should  include  supporting 
facilities  for  parking,  bus  transportation,  picnic  areas,  rest  rooms, 
bike  racks  and  trash  receptacles.  In  essence,  this  requires  the 
management  of  the  areas  provided.  The  management  and  regulation  of  the 
use  of  the  River  must  address  safety  considerations  in  providing 
opportunities  and  encouraging  uses  in  appropriate  locations.  As  the 
cost  of  energy  constrains  mobility,  demand  for  recreation  opportunities 
will  increase.  Opportunities  for  the  use  of  public  and  private 
unimproved  sites  may  be  appropriate  to  meet  this  demand.  While  cost 
savings  on  improvement  may  be  obtained,  the  management  of  these  areas 
remains  an  outstanding  need.  Opportunities  for  active  and  passive 
recreation  may  be  developed  through  the  use  of  scenic  easements, 
acquisition,  or  special  tax  incentives  to  meet  this  demand. 

Improving  access  to  the  River  should  include  the  improvement 
grade  crossings  for  vehicular  and  pedestrian  traffic,  in 
providing  access  across  Railway  rights-of-way.  This  is  a 
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issue  in  the  geographic  areas  as  railways  form  a  major  man  made  obstacle 
paralleling  the  north  and  south  banks  of  the  River. 

These  are  some  of  the  issues  in  the  James  River  Corridor.  What  impact 
will  they  have  in  the  future?  Unfortunately,  use  of  a  natural  resource 
can  often  lead  to  its  misuse.  Each  of  the  issues  discussed  today  can 
have  serious  impacts  on  the  River  and  the  River  environment.  Reaction 
to  these  impacts  can  be  much  more  rational  if  proper  planning  addresses 
some  very  important  questions  for  the  future.  These  questions 
include:  How  do  we  want  to  use  the  River  resource?  Can  we  find  a 

balance  among  the  impacts  on  the  River?  And,  how  will  future  competing 
demands  be  dealt  with? 

We  recognize  the  demands  that  are  placed  on  the  River,  and  know  that 
these  demands  will  continue  to  grow,  and  so  will  the  impacts  of  our 
decisions.  We  must  develop  goals  to  deal  with  these  demands.  One  goal 
relative  to  these  issues  should  be  to  determine  the  "reasonable  and 
appropriate"  uses  of  the  land  in  the  corridor  that  meet  the  needs  of  the 
community  and  is  compatible  with  what  the  land  can  best  support. 

It  is  our  responsibility  as  planners,  professionals,  educators  and 
interested  citizens  to  ensure  that  when  studies  are  conducted  on  these 
and  future  issues  on  the  River,  that  information  be  made  readily 

available  to  the  private  and  public  sectors. 

We  have  a  choice  to  overuse,  underuse  or  exploit  the  James  River,  and 
we've  elected  to  do  each  of  them  to  varying  degrees.  Who  will  be  the 
decision-makers?  We  should  seek  a  cooperative  effort  between 
government,  private  industry,  and  private  citizens  to  ensure  a  greater 
understanding  of  the  problem,  and  alternative  solutions.  This 
communication  and  cooperation  will  contribute  to  the  decision-making 
process  being  more  responsive  to  the  needs  of  the  community. 
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The  James  River  is  a  precious  resource.  It  provides  water  to  generate 
power,  drink  and  remove  wastes.  Proper  stewardship  of  the  river  and  its 
environs  is  needed  to  preserve  this  resource  for  the  future. 

My  contribution  to  the  symposium  focuses  on  human  ecology.  It  deals  with 
ways  in  which  people  influence  and  are  influenced  by  the  river.  It  begins 
with  scientific  descriptions  and  environmental  issues  and  closes  with  an 
audio-visual  journey. 

The  river  is  part  of  the  hydrological  cycle.  The  cycle  consists  of  four 
events:  precipitation,  evapotranspi rati  on,  surface  runoff  and  groundwater 

flow.  Precipitation  is  water  falling  from  the  air.  Rain  and  snow  are  forms 
of  precipitation.  Evapotranspi  ration  (evaporation  and  transpiration)  is  water 
vapor  returning  to  the  air.  Water  evaporates  from  land  and  bodies  of  water 
such  as  lakes,  rivers  and  oceans.  It  transpires  from  plants.  Surface  runoff 
is  water  flowing  over  the  land.  A  river  is  a  form  of  surface  runoff. 
Groundwater  flow  is  water  moving  within  the  ground.  Wells  are  supplied  with 
groundwater. 

Events  in  the  hydrological  cycle  are  interdependent.  The  amount  of 
precipitation  determines  the  amount  of  surface  runoff.  In  the  drainage  basin 
of  the  James  River,  surface  runoff  is  about  34%  of  precipitation  (Virginia 
Department  of  Conservation  and  Economic  Development,  1970).  The  annual 
precipitation  in  the  basin  is  108  cm  (Virginia  Stage  Water  Control  Board, 

1980) .  The  supply  of  surface  water,  therefore,  is  37  cm  per  year. 

The  supply  is  not  constant.  It  varies  between  years  and  over  decades. 
It  was  low  in  1981,  for  example,  because  of  subnormal  precipitation  (Hazzard, 

1981) ,  It  probably  decreased  between  the  1938  and  1970  because  the  annual 
precipitation  decreased  by  5-10  cm  during  that  time  (Hayden,  1979).  I  say 
"probably"  because  estimates  of  hydrological  events  for  that  period  are 
impreci se. 

We  influence  the  supply  of  water  directly.  We  increase  surface  water  by 
building  reservoirs.  We  decrease  groundwater  by  covering  the  land  with 
impervious  surfaces,  which  prevent  water  from  entering  the  ground.  Impervious 
surfaces  increase  with  urbanization. 

We  influence  the  supply  of  water  indirectly.  We  influence  it  by  causing 
the  "greenhouse  effect."  Burning  of  fossil  fuels,  such  as  coal,  increases 
concentrations  of  carbon  dioxide  in  the  atmosphere.  Carbon  dioxide  acts  like 
glass  in  a  greenhouse.  It  allows  sunlight  through,  but  slows  down  the  escape 
of  heat  from  the  earth.  The  temperature  of  the  atmosphere,  therefore, 
increases.  As  the  temperature  increases,  rates  of  melting  of  ice,  especially 
in  the  Antarctic  glaciers,  increase.  The  melted  water  flows  into  the  ocean 
and  raises  the  sea  level.  The  sea  level  is  expected  to  rise  5-8  m  in  the  next 
2  centuries  if  fossil  fuels  are  burned  at  current  rates  (Marshall,  1981).  The 
rising  sea  will  flood  much  of  the  drainage  basin  east  of  Richmond,  Virginia 
and  the  ports  from  which  much  coal  is  exported  will  disappear  beneath  the 
water. 

The  basin  of  the  James  River  occupies  close  to  25%  of  the  land  area  in 
Virginia.  It  is  bounded  on  the  north  by  basins  of  the  Potomac,  Rappahannock 
and  York  Rivers  and  on  the  south  by  those  of  the  New,  Roanoke  and  Chowan 
Rivers.  It  extends  west  to  east  across  four  physiographic  provinces:  Valley 
and  Ridge,  Blue  Ridge,  Piedmont  and  Coastal  Plain  (Fig.  1). 
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Each  province  has  characteristic  topography  and  geology  (Vi  rgi  ni  a  Academy 
of  Science,  1950).  The  Valley  and  Ridge  province  consists  of  alternating 
valleys  and  ridges  made  of  sedimentary  rocks  such  as  sandstone  and 
limestone.  The  Blue  Ridge  province  consists  of  a  chain  of  mountains  and 

uplands  which  are  covered  with  igneous  rocks  such  as  granite  and  greenstone. 
The  Piedmont  province  is  a  low,  rolling  plateau  which  is  cut  by  easterly 

flowing  streams.  It  is  covered  by  clay  which  comes  from  weathered  granite. 
The  Coastal  Plain  province  is  a  stairstepped  plain  which  is  covered  with 

unconsolidated  sediments. 

The  James  River  winds  and  is  joined  by  other  rivers  in  its  course  from 
the  mountains  to  the  Chesapeake  Bay  (Fig.  1).  It  begins  at  the  confluence  of 
the  Jackson  and  Cowpasture  Rivers  in  the  Valley  and  Ridge  province.  It  flows 
southward  and  is  joined  by  Craig  Creek.  It  makes  a  sharp  turn  toward  the 
northeast  and  parallels  the  western  border  of  the  Blue  Ridge  Mountains.  It  is 
joined  by  the  Maury  River  and  cuts  southeastward  through  the  Blue  Ridge 

Mountains.  In  the  Piedmont  province,  it  makes  a  sharp  northeast  turn  and 
follows  faulted  rocks  between  Lynchburg  and  Scottsville.  It  then  flows 
southeasterly  across  the  Piedmont  and  Coastal  Plain  provinces.  The  Rivanna 
River  joins  it  in  the  Piedmont  province.  The  Chickahominy  and  Appomattox 
Rivers  join  it  in  the  Coastal  Plain. 

The  James  River  is  542  km  long  and  drops  from  an  elevation  of  300  m  to 
sea  level  (Virginia  Department  of  Conservation  and  Economic  Development, 
1969).  The  greatest  change  in  elevation  occurs  in  Richmond  where  it  drops 
over  30  m  within  a  distance  of  about  15  km.  This  region  is  called  the  fall 
zone  because  it  contains  numerous  rapids  (Ryan,  1975).  The  river  flows 
steadily  seaward  above  Richmond  and  is  tidal  below  Richmond. 

Natural  and  anthropogenic  (generated  by  humans)  factors  determine  the 
quality  of  water  in  the  river.  The  qualities  of  water  in  the  headwaters 
differ  considerably.  The  Cowpasture  River  flows  through  pastures  and 
woodlands  and  remains  in  a  fairly  natural  condition.  The  Jackson  River  is 
subject  to  numerous  anthropogenic  factors. 

The  Jackson  River  begins  at  Hevener's  Dividing  Waters  Farm.  A  small  pond 
on  the  farm  marks  the  first  obvious  impact  of  humans.  From  here,  the  water 
flows  through  rural  areas  into  Lake  Moornaw  which  is  impounded  by  Gathright 
Dam.  This  facility  was  built  by  the  United  States  Army  Corps  of  Engineers  for 
flood  control,  water  quality  control  and  recreation.  During  periods  of 
flooding,  the  flow  can  be  impeded,  and  during  droughts,  the  flow  can  be 
augmented.  In  the  fall  of  1981,  for  example,  the  James  River  near  Richmond 
was  polluted  with  algae  (Virginia  Water  Resources  Research  Center,  1981).  The 
algae  gave  the  water  a  bad  taste  and  odor.  At  this  time,  water  was  released 
from  Lake  Moornaw  to  flush  and  dilute  algae  from  the  James  River. 

A  pump  storage  electrical  generating  facility  is  located  on  Back  Creek, 
which  joins  the  Jackson  River  upstream  from  Lake  Moornaw.  It  includes  an  upper 
and  lower  reservoir.  Water  is  pumped  into  the  upper  reservoir  during  periods 
of  low  energy  demand.  It  is  released  into  the  lower  reservoir  during  periods 
of  high  energy  demand.  Water  turns  electrical  generating  turbines  as  it  flows 
from  the  upper  to  lower  reservoir. 

Below  Lake  Moornaw,  the  Jackson  River  passes  through  the  industrial  town 
of  Covington.  Here  it  becomes  polluted  by  effluents  from  industries,  mainly 
pulp  and  paper,  and  municipalities  (Virginia  State  Water  Control  Board, 
1980).  The  water  even  becomes  an  orange-brown  color.  The  water  retains  this 
color  for  over  20  km  before  the  confluence  of  the  Jackson  River  and  Cowpasture 
River.  The  James  River,  therefore,  begins  as  a  mixture  of  water  in  a  natural 
condition  from  the  Cowpasture  River  and  water  which  is  subjected  to 
anthropogenic  factors  from  the  Jackson  River. 

The  qualities  of  water  change  with  location  along  the  James  River.  The 
temperature  increases  by  about  5  C  from  the  headwaters  to  Richmond  in  the 
summer  (Virginia  State  Water  Control  Board,  1976).  The  increase  is  natural 
because  the  river  drops  to  lower  and  warmer  elevations.  Heated  effluent  from 
an  electrical  power  generating  station  of  the  Virginia  Electric  and  Power 
Company  at  Bremo  augments  the  temperature  in  the  Piedmont  province.  This 
station  uses  2-13%  of  the  water  which  flows  in  the  river  (Bishop,  1972).  The 
heated  effluent,  which  can  be  detected  more  than  1  km  downriver  from  the 
station,  attracts  some  aquatic  organisms  and  inhibits  others  (Woolcott,  1974). 

Concentrations  of  oxygen  decrease  from  the  headwaters  to  Richmond  in  the 
summer.  The  decrease  is  natural  because  the  solubility  of  oxygen  decreases  as 
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water  temperature  increases.  Effluents  from  sewage  treatment  facilities  often 
decrease  oxygen  concentrations.  Poorly  treated  sewage  contains  high  amounts 
of  organic  matter  which  uses  up  the  oxygen  in  the  river.  Low  concentrations 
of  oxygen  lead  to  noxious  environmental  conditions  and  eliminate  desirable 
forms  below  Richmond  (Table  2).  Upgraded  sewage  treatment  facilities  since 
that  time  have  increased  the  concentrations  of  oxygen.  Densities  of  bacteria 
in  the  river  may  increase  as  a  result  of  sewage.  -Upgraded  sewage  treatment 
also  decreased  bacterial  contamination  of  the  river  in  the  vicinity  of 
Ri chmond  (Table  2) . 

We  depend  on  the  river.  Richmond  is  an  excellent  example  of  such 
dependence.  The  river  made  Richmond  well  situated  as  a  population  center.  It 
provided  power  for  mills  and  an  inland  route  for  ships.  The  James  River  - 
Kanawha  Canal  carried  goods  west  of  Richmond  in  the  early  half  of  the  1800's 
(Ki  rkwood,  1  963) . 

The  river  and  its  tributaries  even  shaped  the  land  of  Richmond.  Several 
million  years  ago,  sand  and  gravel  settled  from  the  river  as  it  entered  the 
ocean  at  Richmond.  Remains  of  these  deposits  form  a  layer  which  is  9  m  thick 
on  Church  Hill  today.  Deposits  of  clay  and  marine  life  from  ancient  seas 
underlie  this  layer  (Daniels  and  Onuschak,  1974).  Differential  erosion  of 
these  deposits  formed  the  topography,  i.e,,  hills  and  valleys. 

The  topography  influenced  the  pattern  of  growth  of  Richmond.  Richmond 
originated  near  the  river  at  the  mouth  of  Shockoe  Creek.  It  expanded  in  a 
westerly  direction  until  the  early  1800's.  The  river  and  its  tributaries 

impeded  growth  in  other  directions.  Land  to  the  west  also  was  relatively  high 
and  flat  which  made  it  convenient  for  travel  and  comfortably  breezy  in  the 
summer.  Bridges  allowed  expansion  of  Richmond  in  other  directions  since  that 
time. 

Water  for  Richmond  comes  from  the  river.  It  is  diverted-  from  the  river 
at  Williams  Island  into  the  water  purification  facility  where  it  is  purified 
and  distributed.  Each  person  uses  330  liters  in  the  home  each  day  (Enger  et 
al.,  1983).  Most  of  the  water  is  used  to  remove  wastes,  e.g.,  baths  and 

toilets.  Little  actually  is  used  for  drinking. 

Richmond  is  water  rich  compared  with  many  localities.  Less  than  2%  of 
the  average  flow  of  water  is  diverted  for  purification  (United  States  Army 
Corps  of  Engineers,  1974  and  Virginia  Department  of  Conservation  and  Economic 
Development,  1970).  During  periods  of  low  flow,  however,  close  to  25%  of  the 
water  in  the  river  may  be  diverted  (United  States  Army  Corps  of  Engineers, 
1974).  The  river  should  provide  Richmond  with  water  for  many  years.  Other 
localities,  e.g.  Newport  News,  also  look  to  the  river  as  a  source  of  water  for 
the  future.  The  river,  however,  has  multiple  uses  which  include  fish 

migrations,  flushing  of  sewage  and  recreation.  Such  multiple  uses  must  be 
taken  into  account  when  planning  the  future  (H.  Gregori,  pers.  comm.). 

In  summary,  I  emphasize  that  we  and  the  river  are  interdependent.  We 
influence  the  river.  Impoundments  and  effluents  from  power  stations  and 

sewage  treatment  facilities  are  among  the  most  obvious  influences.  Greenhouse 
effects  and  changes  in  land  surfaces  are  less  obvious,  but  perhaps  more 
insidious.  The  river  influences  us.  It  shapes  the  land  and  provides  us  with 
means  of  transportation,  and  water  to  generate  electricity,  drink  and  remove 
wastes. 

Through  proper  stewardship,  we  can  preserve  the  river  for  future  use. 

(The  presentation  closed  with  an  imaginary  journey  down  the  James 
River.  The  journey  consisted  of  slide  presentations  accompanied  by  a 
recording  of  The  Moldau,  a  beautiful  tone  poem  of  a  river  in  Europe  by 
Smetana) . 
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Drainage  Basin  of  the  Janies  River  in  Virginia.  Roman  numerals,  arabic  numerals  and 
letters  refer  to  physiographic  provinces,  major  tributaries  and  cities  which  are  identified 
in  Table  1. 


Table  1.  Physiographic  provinces,  major  tributaries  and  cities  in  the 
basin  of  the  James  River  in  Virginia.  Numbers  and  letters 
refer  to  those  in  Figure  1. 


Physiographic  Provinces 

Major  Tri  butari  es 

Cities 

# 

Name 

# 

Name 

Letter 

Name 

I 

Val  ley  and  Ridge 

1 

Jackson  River 

A 

Covi  ngton 

II 

Blue  Ridge 

2 

Cowpasture  R , 

B 

Lynchburg 

III 

Pi edmont 

3 

Craig  Creek 

C 

Ri chmond 

IV 

Coastal  Plain 

4 

Maury  R. 

D 

Newport  News 

5 

Rivanna  R . 

6 

Appomattox  R. 

7 

Chick  a  hominy  R 

Table  2.  Quality  of  water  in  the  James  River  above  and  below  Richmond, 
Virginia  before  and  after  1972.  Locations  above  and  below 
Richmond  respectively  are  192  km  and  160  km  from  mouth  of  river. 
Sewage  treatment  facilities  for  Richmond  were  upgraded  from  primary 
to  secondary  level  in  1972.  Data  from  Virginia  State  Water  Control 
Board,  1976. 
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Parameter 

Before 

Above 

Dissolved  Oxygen 

8.0 

1972 

Bel  ow 

5.0 

After 

Above 

9.0 
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Below 

7.0 

Bacteri a 
4 

50 
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Our  district  office  is  located  in  Norfolk  at  Fort  Norfolk,  an  old 
historical  fort,  on  the  Elizabeth  River.  We  are  charged  with  two  major 
functions  by  the  Chief  of  Engineers  -  Civil  Works  Activities  and  Military 
Construction.  We  now  have  three  major  organizations  at  the  fort.  One  is  the 
Planning  Division,  the  second  is  the  Engineering  Division  and  the  third  is 
Const ructi on-Operati ons  Di vi si ons . 

There  are  four  districts  which  make  up  our  North  Atlantic  division  - 
Norfolk,  Baltimore,  Philadelphia,  and  New  York  -  and  our  division  office  is 
located  in  New  York.  The  Norfolk  District  maintains  63  active  authorized 
channels  and  harbors,  aggregating  some  725  miles  of  waterways.  Water  depths 
vary  from  4  feet  in  the  smallest  harbor  projects  to  45  feet  in  the  largest. 

Our  deepest  projects  serve  the  Port  of  Hampton  Roads  and  provide  access 
to  one  of  our  more  important  deepwater  tributaries  -  the  James  River.  The 
Hampton  Roads  area  is  a  rapidly  expanding  region  whose  economics  has 
historically  depended  upon  the  port  and  related  activities.  The  natural 
benefit  of  size,  location,  and  ocean  accessibility  has  been  responsible  for 
the  substantial  commerce  enjoyed  by  the  Port  of  Hampton  Roads,  one  of  the  most 
important  harbor  complexes  in  the  world. 

Undoubtedly  most  of  you  have  read  in  the  newspapers  Norfolk  District  has 
completed  a  feasibility  report  for  increasing  the  depths  of  the  major  channels 
in  the  Port  of  Hampton  Roads  from  the  existing  45  foot  depth  to  55  feet.  In 
1980,  50.6  million  tons  of  coal  were  shipped  from  the  Port  of  Hampton  Roads. 
The  Virginia  Port  Authority  estimates  that  55  million  tons  of  coal  will  be 
shipped  from  Hampton  Roads  in  calendar  year  1981.  On  2  February  1981,  a  check 
was  made  of  the  maximum  draft  of  vessels  at  anchor  and  it  was  found  there  were 
67  vessels  which  could  not  load  coal  to  maximum  capacity. 

The  James  River  Basin  is  225  miles  long,  averaging  40  to  50  miles  in 
width.  It  includes  all  or  part  of  39  counties,  12  cities,  and  contains  10,000 
square  miles,  or  about  25  percent  of  the  area  of  the  state.  I  now  would  like 
to  start  at  the  headwaters  and  briefly  talk  about  Gathright  Dam  that  has  been 
constructed  on  the  Jackson  River,  a  tributary  of  the  James.  The  dam  site  is 
43.4  miles  above  the  mouth  of  the  Jackson  River  and  19  miles  upstream  from  the 
city  of  Covington.  The  reservoir  is  impounding  water  in  both  Alleghany  and 
Bath  counties.  The  dam  controls  a  drainage  area  of  344  square  miles  on  the 
Jackson  River  and  future  flood  threats  downstream  will  be  eliminated  and/or 
reduced  by  the  dam.  Flood  control  benefits  will  be  realized  downstream  along 
the  Jackson  River  and  the  upper  James  River.  The  project  will  be  operated  for 
water  quality  which  will  have  a  beneficial  effect  on  the  stream  quality 
throughout  the  45  miles  of  the  Jackson  and  on  the  entire  main  stream  of  the 
James  to  Richmond.  Gathright  Dam  was  dedicated  in  1980  with  the  Governor  of 
Virginia  in  attendance  (Fig.  1). 

There  are  recreational  facilities,  boat  launching  facilities,  picnicking, 
and  camping  areas  constructed  at  the  project.  The  conservation  pool  is  at 
elevation  1582. 

The  Corps  of  Engineer's  major  Civil  Works  Program  involves  navigation  and 
flood  control.  As  you  know,  your  city  is  located  at  the  Fall  Line  of  the 
James  River.  Its  specific  location  makes  the  area  vulnerable  to  all  floods 
originating  in  the  6,760  square  miles  of  drainage  area  upstream  in  the  James 
River  Basin.  Recent  floods  such  as  occurred  in  Tropical  Storm  Agnes, 
Hurricane  Camille,  and  October  1972  caused  devastating  damage  to  urban 
development  along  both  banks  of  the  James  River  (Fig.  2). 
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Our  office  has  done  a  substantial  amount  of  work  in  preparing  numerous 
flood  reports  throughout  the  James  River  Basin.  Flood  plain  information 
reports  were  prepared  under  the  authority  of  the  Flood  Control  Act  of  1960, 
Section  205  at  the  request  of  state  and  local  entities.  These  reports 
indicated  the  seriousness  or  extent  of  the  flood  problem  in  the  various 
communities.  They  furnished  basic  information  whereby  communities  could 
establish  flood  plain  regulations  pertinent  to  flood  plain  zoning  building 

permit  requirements,  etc. 

We  also  are  conducting  flood  insurance  studies  for  FEMA  in  support  of  the 
Federal  Insurance  Program.  These  latter  reports  provide  much  of  the  same  type 
of  information  as  the  flood  plain  information  reports.  In  addition,  they 
provide  the  100  year  floodway  and  establish  the  flood  zones  required  for  the 
i nsurance  program. 

At  the  request  of  Congress,  we  have  prepared  comprehensive  reports 
resulting  from  studies  relative  to  the  proper  development  of  water  resources 
in  the  James  River  Basin.  These  reports  were  prepared  in  1934,  1948,  and 

1975.  They  include  information  pertinent  to  flooding,  irrigation,  water 

supply,  water  quality,  navigation,  erosion,  sedimentation,  water-based 
recreation,  fish  and  wildlife,  electric  power  and  environmental  aspects. 

The  Corps  prepared  a  flood  protection  feasibility  report  for  Richmond  and 
it  was  submitted  to  our  higher  authority  in  October  1974.  The  report 

recommended  structural  modifications  on  both  the  north  and  south  banks  and 
nonst ructural  modification  for  the  protection  of  the  Richmond  Waste  Water 
Treatment  Plant.  As  a  result  of  the  feasibility  report,  the  Norfolk  District 
was  authorized  by  the  Congress  to  undertake  the  Phase  I  stage  of  the  Advanced 
Engineering  and  Design. 

Now,  I  will  explain  how  a  project  is  authorized.  Once  a  need  for  water 
resources  in  a  given  area  is  established,  congressional  authority  can  be 
sought  to  have  a  resolution  passed  in  the  Committees  on  Public  Works.  Then 
this  resolution  must  be  funded.  The  study  will  actually  start  in  the  district 
in  which  the  water  problem  is  located.  A  detailed  study  of  the  problem  is 
made,  various  plans  are  considered  to  resolve,  and  a  favorable  and/or 
unfavorable  report  is  completed  based  on  the  economic  justification  for  a 
federal  project.  A  report  is  then  submitted  to  higher  authority  where  it  goes 

through  a  number  of  reviews.  Eventually  it  is  submitted  to  Congress.  If  the 

report  is  favorable.  Congress  may  then  authroize  what  we  call  a  Phase  I  report 
and  the  same  procedure  starts  again.  This  is  a  more  detailed  investigation 
and  when  it  is  finished,  and  providing  Congress  approves,  the  project  moves  to 
the  design  stage.  Then  plans  and  specifications  are  prepared  and  a  contract 
for  construction  is  awarded.  At  present,  the  average  time  that  it  takes  a 

project  to  move  through  the  system  from  the  beginning  of  the  study  stage 

through  construction  is  about  17  years.  We  have  just  completed  our  Phase  I 
General  Design  Memorandum  for  the  proposed  local  flood  protection  works  at 
Richmond.  Figures  3  and  4  show  the  recommended  plan  for  the  north  and  south 
sides. 

The  navigation  portion  of  the  James  River  is  located  at  and  downstream 
from  Richmond.  As  previously  mentioned,  the  James  River  is  a  historical  and 
scenic  river.  It  was  the  scene  of  the  first  permanent  English-speaking  colony 
in  the  new  world;  its  banks  are  lined  with  stately  plantations;  it  saw  many 
Civil  War  encounters;  people  still  search  its  meandering  banks  for  Indian 
relics  and  Civil  War  treasures. 

The  Federal  navigation  project,  authorized  in  1870,  is  maintained  so  as 
to  provide  a  channel  25  feet  deep  and  200  to  300  feet  wide  from  Hampton  Roads 
upstream  to  the  Deepwater  Terminal  at  Richmond.  Above  the  Deepwater  Termi  nal 
the  project  continues  18  feet  deep  and  200  feet  wide  to  Richmond  Harbor.  A 
modification  of  this  project  to  deepen  the  channel  to  35  feet  was  authorized 
in  1962.  However,  during  our  economic  reappraisal  study  in  1972,  it  was 
determined  that  a  35-foot  channel  was  not  economically  justified  and  was  so 
reported  to  the  Congress.  Therefore,  the  improvement  was  deferred  until  such 
time  as  conditions  change  to  warrant  a  new  economic  analysis  and  restudy. 

Annual  commerce  on  the  James  River  averaged  4.9  million  tons  during  the 
1950's,  5.5  million  tons  during  the  1960's,  and  increased  to  7.1  million  tons 
during  the  1970' s.  The  major  commodity  in  the  past  has  been  sand,  gravel,  and 
crushed  rock,  e.g.,  4.6  million  tons  were  transported  on  the  James  River  in 
1978.  Annual  commerce  is  expected  to  exceed  10  million  tons  in  the  1980' s. 

In  1976  a  "test  dredging"  program  was  undertaken  in  the  Jordan  Point  to 
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Windmill  Point  reach  of  the  lower  James  River.  The  purpose  of  this  "test- 
dredging"  was  to  determine  the  effect,  if  any,  that  maintenance  dredging 
conducted  on  the  James  River  would  have  on  the  Kepone  situation.  No  special 
measures  were  taken  during  the  dredging  to  reduce  the  effects.  A  total  of  1/2 
million  cubic  yards  of  material  was  removed.  The  results  of  the  tests 
indicated  that  even  though  Kepone  was  released  near  the  dredge  pipe  outfall  in 
the  dredged  material  disposal  areas,  the  concentration  of  Kepone  in  the  water 
column  at  two  locations  500  feet  away  from  the  outfall  was  near  pre  and  post¬ 
dredging  levels.  Samples  of  finfish  and  clams  taken  by  the  Virginia  State 
Water  Control  Board  indicated  that  they  were  about  the  same  as  at  pre  and 
post-dredging  times.  The  conclusion  was  that  the  dredging  operation  did  not 
pose  any  threat  to  the  James  River  estuarine  biological  community. 

Project  dimensions  were  recently  restored  to  the  channel  between  Richmond 
and  Hopewell.  Maintenance  of  this  portion  of  the  river  by  the  Corps,  with 
cooperation  of  the  city  of  Richmond  which  provides  the  disposal  areas,  is 
fairly  routine  and  presents  few  problems.  However,  because  of  Kepone 
contamination  in  the  lower  James  between  Hopewell  and  the  mouth,  maintenance 
of  this  latter  portion  of  the  river  has  been  difficult,  if  not  impossible.  In 
August  1980,  controlling  depths  were  at  23  feet. 

The  purpose  of  a  demonstration  project  scheduled  to  begin  in  November 
1981  in  the  lower  James  River  is  two-fold: 

1.  To  accomplish  needed  maintenance  dredging  of  the  Federal  channel. 

2.  To  demonstrate  a  proposed  method  of  excavating  contaminated  silt  at 
nearly  inplace  density,  with  nearly  100  percent  containment  -  in 
other  words  Kepone  levels  should  remain  within  safe  limits  both  in 
the  water  and  in  shellfish.  Thus  water  quality  guidelines  were  set 
so  that  dissolved  Kepone  would  not  exceed  15  parts  per  trillion. 

An  Investigation  was  made  of  the  dredges  available  in.  the  world  market 
and  a  conclusion  reached  that  the  demonstration  project  should  be  conducted  to 
test  the  advantages  and  disadvantages  of  the  hydraulic  pipeline  and  dustpan 
dredges.  As  you  can  see,  we  are  concerned  about  being  able  to  dredge  18  to  24 
inches  of  contaminated  silt  without  polluting  the  entire  water  column. 

The  cutterhead  on  the  hydraulic  pipeline  dredge  swings  from  side-to-side, 
as  material  is  forced  into  the  suction  inlet  by  the  cutter  and  the  dredge 
advances  by  stepping  ahead  on  spuds.  The  head  of  the  cutter  is  similar  to  an 
eggbeater  (Fig.  5).  It  would  be  possible  to  install  a  dustpan  head  on  the 
typical  cutterhead  suction  dredge  used  on  the  East  Coast. 

The  dustpan  advances  straight  ahead  on  cables,  forcing  the  material  into 
the  wide,  vacuum-cleaner-like  suction  head.  The  dustpan  dredge  has  been 
adapted  for  large-scale  dredging  operations  on  the  lower  Missouri  and 
Mississippi  Rivers.  It  was  developed  primarily  to  be  used  against  the  current 
which  would  hold  the  dredge  in  a  straight  line.  While  this  method  is  not 
familiar  to  us  on  the  East  coast,  it  is  an  efficient  method  of  dredging, 
developed  in  and  available  to  us  within  the  United  States. 

For  our  maintenance  dredging  demonstration  project,  we  propose  to  convert 
a  hydraulic  pipeline  cutterhead  dredge  by  fitting  it  with  a  dustpan  head  and 
ladder,  and  test  the  efficiency,  output  and  environmental  impacts  while 
dredging  in  the  James  River.  We  installed  a  roll-over  plate  to  keep  the 
dustpan  head  completely  sealed  in  the  material.  A  planned  view  of  the  head 
shows  the  large  vacuum-cleaner-type  operation.  The  head  is  about  30  feet  wide 
and  weighs  approximately  32  tons  (Fig.  6  and  7). 

Following  these  tests  we  also  propose  to  convert  the  same  dredge  back  to 
the  cutterhead  mode,  and  duplicate  the  same  tests,  in  the  same  place,  for 
comparison  with  the  dustpan.  These  dredging  tests  will  be  done  in  Goose  Hill 
Channel,  where  there  are  about  400,000  cubic  yards  of  silt  which  need  to  be 
removed  (actual  removal  was  613,500  cubic  yards).  After  the  dredging  tests  we 
will  continue  with  the  maintenance  dredging  project,  removing  shoals  in  two 
portions  of  Dancing  Point  and  Swann  Point  Shoal  Channel  with  69,000  cubic 
yards  and  387,000  cubic  yards,  respectively. 

We  plan  to  have  an  environmental  monitoring  program  for  the  dredging 
tests.  Material  will  continue  to  be  deposited  in  the  open-water  areas 
approximately  1  ,000  feet  from  the  channel.  As  I  said  previously,  we 
anticipate  beginning  the  demonstration  project  in  November  1981. 
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ADDENDUM 

Results  of  1981  Dredging  Tests 

The  Corps  monitoring  plan  concentrated  on  Kepone  and  turbidity.  Neither 
of  these  parameters  increased  significantly  above  background  in  the  water 
column  around  the  dredge  head,  for  either  dredging  method.  The  situation 
differed  at  the  disposal  area.  While  levels  of  turbidity  and  suspended  solids 
in  this  area  were  similar,  but  slightly  higher  during  the  cutter  mode,  the 
dissolved  Kepone  levels  for  the  cutterhead  averaged  more  than  three  times  the 
levels  during  the  dustpan  mode  (11.7  versus  3.2  parts  per  trillion).  This  is 
perhaps  explained  by  the  fact  that  the  cutterhead  moved  more  than  five  times 
the  amount  of  material  moved  by  the  dustpan,  during  more  or  less  equal  periods 
on  the  calendar.  At  the  disposal  site,  Kepone  and  turbidity  levels  remained 
within  acceptable  limits,  and  the  elevation  of  these  levels  was  short  term  and 
confined  to  the  designated  disposal  area. 

During  the  first  phase  of  maintenance  dredging  in  November  1981,  the 
State  Water  Control  Board  conducted  a  study  of  Kepone  levels  in  clams  held 
within  the  disposal  area.  The  Board's  study  concluded  that  Kepone  in  the 
shellfish  rose  slightly  as  a  result  of  the  disposal  operation,  but  not  enough 
to  be  of  concern.  Rather  than  test  shellfish  again  during  the  dredging  tests, 
the  Water  Board  chose  to  sample  surface  sediments  in  the  disposal  areas.  This 
study  showed  that  sediment  Kepone  levels  were  higher  after  the  cutterhead 
phase  than  the  dustpan  phase.  This  may  be  due  again  to  the  vast  differences 
in  quantities  deposited  during  the  two  phases. 

The  water  quality  studies  conducted  during  the  demonstration  project 
showed  that  dredging  in  the  James  River  does  not  create  problems  with  Kepone 
resuspension  or  turbidity.  Overboard  disposal  proved  to  be  economical  and 
without  serious  environmental  effects.  The  Corps  and  the  State  of  Virginia 
have  already  used  the  monitoring  results  in  evaluating  and  permitting  other 
key  dredging  projects  in  the  James  that  would  otherwise  have  not  been 
possible.  The  District  is  also  using  the  information  to  develop  a  long  term 
disposal  solution  for  a  badly  shoaled  military  port  facility  at  Fort  Eustis. 


Figure  1* 

Gathright  Dam  on  the  Jackson  River 
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Figure  2. 

Floodwaters  on  the  James  River  flood  plain  in  Richmond 


Figure  3. 

Proposed  floodwall  in  Richmond  on  northside  of  James  River.  Wall  is  depicted  as  heavy 
dark  line 
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Figure  4. 

Proposed  floodwall  in  Richmond  on  southside  of  James  River.  Wall  is  depicted  as  heavy 

dark  line 


Figure  5. 

Cutterhead  mounted  on  front  of  dredge 
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Figure  6. 

Dustpan  mounted  on  front  of  dredge 


Figure  7. 

Planned  view  of  dust  showing  vacuum-cleaner-type  action 
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In  deference  to  those  in  the  audience  who  are  not  familiar  with  the 
terminology  of  thermal  effluent  studies,  and  how  and  why  steam  generated 
electric  power  plants  are  involved  in  these  studies,  I  will  begin  with  a  few 
explanatory  remarks. 

Introduction  of  waste  water  into  rivers,  lakes,  reservoirs  or  bays  that 
is  warmer  than  ambient  temperature  of  recipient  waters  is  called  thermal 
pollution,  thermal  enrichment  or  thermal  loading.  Heated  effluents  may  come 
from  several  different  sources,  e.g.,  manufacturing  plants,  municipal  waste 
treatment  plants  or  agriculture  projects  (e.g.,  irrigation  systems),  but 
almost  75%  are  from  steam  generated  electric  power  plants  (Parker  and  Krenkel, 
1969).  Since  the  latter  so  completely  dominate  the  issue  they  have  received 
the  focus  of  attention  from  private  environmental  organizations  and  government 
agenci es. 

Power  plants,  other  than  hydroelectric  ones  (including  pump  storage)  that 
employ  water  flow  to  turn  turbines  that  subsequently  drive  generators,  use 
steam  as  a  source  of  power  to  generate  electricity.  Either  fossil  or  nuclear 
fuels  are  utilized  to  produce  high  pressure  super  heated  steam,  which  must  be 
cooled  or  condensed  quickly  after  its  use  and  returned  to  the  boiler  where  it 
is  reheated  in  a  continuation  'of  the  cycle.  Cooling  water,  either  once 
through  (e.g.,  river  to  condenser  and  back  to  river)  or  cooled  recycled  water, 
flows  around  the  condensation  tubing  to  reduce  the  temperature  of  the  steam 
within.  All  three  of  the  James  mainstream,  steam  generated,  Virginia  Electric 
and  Power  Company  power  stations  now  in  operation  use  once  through  cooling. 
Each  of  these  plants  will  be  discussed  later,  but  basically  each  has  an  intake 
canal  with  organism  and  detritus  barriers  and  an  outfall  canal  or  tunnel  from 
the  condensers  to  the  river.  Alternatives  to  direct  once  through  cooling  may 
be  relatively  expensive.  Additionally,  they  often  have  their  own 

environmental  inadequacies.  Cooling  towers,  either  natural  draft  towers  where 
water  heated  at  the  condenser  is  pumped  to  the  top  and  then  cooled  as  it  falls 
by  a  chimney-like  draft;  or  mechanical  draft  towers,  similar  to  above  except 
draft  is  fan  driven,  are  expensive  to  build,  and  in  case  of  the  latter,  costly 
to  operate.  Undesirable  effects  of  towers  include  atmospheric  fogging, 
freezing  mist,  noise  (with  mechanical  induced  draft)  and  the  eventual  release 
of  preservative  and  anticorrosive  chemicals  back  into  the  water  supply. 
Cooling  ponds  or  lagoons,  such  as  the  three  that  cover  3400  acres  in  Louisa 
County,  Virginia  at  Vepco's  North  Anna  nuclear  power  station,  hold  heated 
waste  water  until  it  approximates  ambient  temperature.  They  require  large 
land  tracts,  are  expensive  to  build,  and  are  practical  only  where  large 
volumes  of  water  are  used  for  cooling. 

Fishes  represent  the  top  trophic  level  in  the  James  River  as  they  usually 
do  in  other  aquatic  habitats.  Numbers,  kinds  and  physical  condition  of 

individual  specimens  can  be  used  as  an  index  to  the  overall  productivity  of  an 
environment.  Since  the  1950's  literally  hundreds  of  studies  of  the  effects  of 
temperature  on  fishes  have  been  made  in  the  field  and  laboratory.  Included 
among  the  findings  of  the  consequences  of  fishes  being  exposed  to  elevated 
temperature  are  increased  growth  rate,  increased  metabolic  rate  with 
subsequent  weight  loss  in  the  absence  of  food,  and  increased  respiratory  rates 
that  result  in  greater  blood  acidity,  hence  respiratory  difficulty.  Many 
times  it  has  been  demonstrated  that  not  only  do  species  vary  in  their 
tolerance  to  temperature  extremes  (upper  and  lower)  but  tolerance  can  be 
correlated  with  acclimation  and  season.  The  desert  pupfish,  Cypri nodon 

macularius,  is  probably  the  most  tolerant  of  high  temperatures,  surviving  at 
40  C.  According  to  a  synopsis  of  the  effects  of  temperature  on  fishes  by  Love 


JAMES  RIVER  FISHERIES  AND  THERMAL  EFFECTS 


27 


(1980),  fish  first  show  the  effects  of  high  temperature  by  becoming 
disoriented*  This  indicates  the  central  nervous  system  reacts  directly  to 
higher  temperature.  Consequently  a  fish  disoriented  in  thermal  effluents 
would  be  incapable  of  escaping,  thus  subsequently  succumbing  to  the  elevated 
temperatures.  Of  considerable  interest,  in  many  instances  disorientation  was 
reversible  when  specimens  were  returned  to  lower  temperatures.  Thermal  shock 
is  yet  another  stress  fishes  often  encounter  in  thermal  waste  water.  Since 
temperatures  may  vary  greatly  with  the  daily  operation  of  the  power  plant, 
they  may  be  subjected  to  sudden  extreme  temperature  change.  Studies  have 
shown  that  fishes  exposed  to  such  temperature  alterations  lose  their  ability 
to  osmoregul ate.  Marine  fishes  dehydrate  and  freshwater  fishes  take  on  excess 
water  ( Love,  1 980) . 

Contingencies  for  fishes  other  than  those  directly  related  to 
temperatures  that  result  from  the  operation  of  steam  generated  electric  power 
plants  are  entrainment,  impingement  and  subjection  to  chemicals,  e.g., 
chlorine  that  is  used  to  remove  fouling  organisms  from  condensers. 
Entrainment  is  the  entrapment  of  fishes  in  the  cooling  water  as  it  goes 
through  the  condenser.  Larval  forms  are  usually  involved.  Impingement  refers 
to  individuals  caught  in  the  mesh  of  moving  screens  (standard  mesh  size 
9.5  mm)  that  are  designed  to  keep  fish  from  becoming  entrained. 

In  the  previous  presentation,  many  of  the  physical  characters  of  the 
James  River  Basin  were  mentioned.  Basically  the  river  is  divided  into  three 
regions:  Mountain,  from  its  origin  to  the  eastern  side  of  the  Blue  Ridge; 
Piedmont,  east  of  the  Blue  Ridge  to  the  Fall  Line;  and  Coastal  Plain 
(Tidewater),  from  the  Fall  Line  to  its  confluence  with  the  Chesapeake  Bay  at 
Hampton  Roads.  Although  certain  fish  species  are  restricted  to  certain 
regions  of  the  river  there  is  considerable  exchange  of  forms  between  Mountain 
and  Piedmont  regions,  less  occurs  between  those  of  the  Piedmont  and  Coastal 
Plain.  Recreational  fishing  for  game  and  food  species  occurs  throughout  the 
river,  whereas  fishing  for  commercial  species  is  restricted  to  the  tidal 
J  ame  s . 

The  three  electric  power  stations  under  discussion  produce  approximately 
one-third  of  Vepco's  total  daily  electric  power  output.  The  immediate  impact 
of  their  heated  effluents  on  fisheries  in  the  James  River  is  minimal  and 
restricted  to  the  nearby  vicinity  of  the  power  station.  Whether  there  will  be 
long  term  adverse  effects  from  synergistic  relationships  of  elevated 
temperatures  and  environmental  stresses  from  other  sources,  e.g,,  chemicals, 
remains  to  be  determined.  The  remaining  time  today  will  be  used  to  show  how 
the  locations  and  designs  of  the  three  Vepco  power  stations  minimize  pressure 
on  fish  populations. 

Bremo  Power  Station  is  approximately  282  km  river  miles  from  Hampton 
Roads  in  the  Piedmont  at  Bremo  Bluff.  It  is  the  smallest  of  the  James  River 
steam  generated  power  stations  now  in  operation.  It  uses  coal,  has  two 
generators  that  produce  235  mw^,  and  the  11.2  m'^/sec  of  cooling  water  that 
flows  through  its  condensers  may  be  heated  to  a  maximum  of  15  C. 

Chesterfield  Power  Station  is  located  on  the  tidal  James  River  near  Dutch 
Gap,  about  153  km  upstream  from  the  Chesapeake  Bay.  Two  (1  and  2)  of  its  six 
units  are  in  cold  reserve,  units  3,  4,  5,  and  6  use  coal  as  fuel.  The  toal 
capacity  for  all  units  is  1363  mw^.  Total  flow  volume  of  cooling  water  is 
43.9  m^/sec  and  the  maximum  At  provided  by  a  single  unit  is  about  13  C. 

Surry  Power  Station  is  the  newest  (July  1972)  and  also  the  only  nuclear 
fueled  Vepco  plant  on  the  James  River.  It  is  located  on  Gravel  Neck  peninsula 
(Hog  Island)  about  40  km  upstream  from  the  mouth  of  the  River.  The  riverine 
tip  of  the  peninsula.  Hog  Point,  which  is  in  the  transition  zone  between  the 
tidal  river  and  the  estuary  proper,  has  salinity  readings  of  about  2  ppt  at 
median  river  flows  (Vepco,  1977),  There  are  two  units  with  a  total  maximum 
capacity  of  slightly  over  1600  mWg.  Approximately  96  m'^/sec  of  cooling  waters 
pass  through  the  plant  and  is  heated  to  about  7  C  above  ambient  in  the 
condensers . 

I  will  begin  with  Bremo  Power  Station,  whose  impact  on  the  Piedmont  part 
of  the  James  was  studied  by  researchers  from  Virginia  Institute  of  Scientific 
Research  (Woolcott,  1974).  The  plant  was  built  in  1931,  taken  over  by  Vepco 
in  1944,  which  raised  its  electrical  current  output  from  30  mw^  to  its  present 
performance.  Even  though  old  with  a  comparatively  poorly  designed  water 
cooling  system  and  a  relatively  high  At  (15  C)  its  impact  on  the  James  River 
fishes  was  found  to  be  mainly  confined  to  the  first  km  below  the  outfall. 
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Only  occasionally  were  plume  temperatures  as  far  as  8  km  downstream  considered 
high  enough  to  have  a  significant  effect  on  fishes.  No  fishes  were  ever  found 
entrained,  and  as  the  plant  is  not  plagued  with  fouling  organisms,  no  chlorine 
was  used  as  a  purge.  Because  of  its  small  size,  thus  comparatively  small 
volume  of  cooling  water,  there  is  limited  influence  on  the  temperature  of  the 
James,  which  is  about  200  m  wide  at  this  point.  Fifty  meters  is  the  widest 
heated  water  plume  recorded. 

Before  continuing,  it  is  important  that  it  is  fully  understood  fishes 
with  the  exception  of  egg  and  newly  hatched  larval  stages  are  highly  mobile 
organisms  usually  strong  enough  to  move  in  and  out  of  most  natural  water 
currents  they  encounter.  Also,  most  have  demonstrated  an  affinity  for 
preferred  temperatures  so  that  temperatures  other  than  these  generally  are 
avoided.  Species  most  susceptible  then  to  the  heated  water  effluents  of  power 
plants  are  those  that  produce  pelagic  (floating)  eggs  and  larvae.  Since  all 
50  species  of  fishes  collected  at  Bremo  produce  demersal  eggs  (sinking),  and 
larval  forms  that  generally  seek  the  protection  of  weeds  and  rocks  near  shore, 
the  susceptibility  of  fishes  to  the  impact  of  Bremo  was  minimal. 

In  contrast.  Chesterfield  Power  Station,  located  near  the  upper  reaches 
of  the  tidal  James,  essentially  is  located  in  the  middle  of  the  spawning  area 
of  several  anadromous  species  that  produce  pelagic  eggs  and  larvae.  Because 
of  its  location  and  size  Chesterfield  could  be  especially  destructive  to 
fishes;  however,  Jensen  (1  974)  who  conducted  a  study  of  the  environmental 
impact  of  this  plant  on  the  James  for  the  Electric  Power  Research  Institute 
and  Vepco  did  not  find  this  to  be  the  case.  Evidence  for  the  effect  of  this 
plant  on  the  fish  population  was  obscured  in  part  by  the  poor  quality  of  the 
water  (dissolved  oxygen  near  0  at  times),  a  condition  that  has  been  rectified 
somewhat  by  improvements  in  the  methods  of  treatment  of  Richmond's  sewage. 

Forty-one  species  of  fishes,  transients  and  residents  were  collected 
during  the  three  years  the  study  was  in  progress.  Little  or  no  effect  was 
seen  on  the  fish  population  near  the  main  river  thermal  outfall  of  units  1,  2 
and  3.  In  the  uppermost  collecting  stations  below  the  outfall  canal  of  units 
4,  5  and  6,  which  empty  into  Farrar  Gut,  the  number  of  fishes  was 
significantly  low.  The  number  of  specimens  in  samples  progressively  increased 
frotn  this  outfall  station  to  the  confluence  of  the  old  oxbow  with  the  cut 
channel.  A  relatively  large  number  of  clupeid  (herring)  and  percichthid 
(striped  bass)  pelagic  eggs  and  larvae  were  entrained  in  the  cooling  water  but 
the  conclusion  of  the  researcher  was  that  the  number  was  not  significant  when 
compared  to  the  total  population.  Impingement  was  practically  non-existent. 

Chesterfield's  small  impact  on  the  fish  population  in  the  upper  James  has 
been  attributed  to  three  features.  First,  the  location  of  its  largest  outfall 
flow  into  a  truncated  oxbow  of  the  James  gives  the  heated  effluent  time  to 
cool  before  entering  to  the  main  river.  Second,  that  the  area  is  under  tidal 
influence  means  the  movement  of  water  downstream  is  slowed  by  the  ebb  and  flow 
of  the  tide  (about  <1  m  range)  enhancing  the  rate  of  cooling  by  mixing. 
Third,  location  of  the  intake  canal  bays  paralleling  the  direction  of  the 
river  current  partly  shields  them  frooi  open  river  flow  and  thus  serves  to  help 
prevent  entrainment  of  many  juvenile  fishes. 

Before  leaving  the  discussion  of  Chesterfield  Power  Station,  mention 
should  be  made  of  the  40  floating,  power-spray  modules  that  Vepco  voluntarily 
installed  in  the  outfall  canal  in  Farrar  Gut  in  1971,  These  fountains  not 
only  reduced  elevated  temperatures  between  3  C  and  4  C  but  also  Improved  the 
oxygen  quality  of  the  water. 

In  addition  to  being  the  only  nuclear  fueled  James  River  power  station, 
Surry  Power  Station  is  the  only  one  specifically  designed  from  day  one  to 
reduce  its  impact  on  the  environment.  Before  its  design  was  completed  and  its 
precise  location  established  the  hydraulic  model  of  the  James  River  estuary  at 
the  U.S.  Army  Corps  of  Engineers  Waterways  Experiment  Station,  Vicksburg, 
Mississippi  was  utilized  to  develop  an  optimum  discharge  location, 
configuration  and  exit  velocity.  By  withdrawing  water  from  the  downstream 
side  of  Hog  Point  and  discharging  it  into  Cobham  Bay  upstream,  the  effect  of 
heated  water  on  downstream  oyster  beds  would  be  eliminated  (Vepco,  1977).  The 
visual  impact  of  the  station  on  historic  areas  on  the  northside  of  the  river 
was  reduced  by  constructing  foundations  about  22  m  below  the  surface  of  the 
surrounding  land.  Dirt  that  was  removed  from  the  building  site  by  Vepco  was 
used  in  the  construction  of  dikes  for  the  Hog  Island  Game  Preserve. 
Additionally,  the  station's  long  intake  canal  was  purposely  designed  with 
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angles  so  it  would  blend  in  with  the  surrounding  topography. 

The  following  report  of  the  Surry  Station  influence  on  finfish  is  based 
on  a  Vepco  in-house  synopsis  of  studies  conducted  over  the  past  seven  years. 
It  provides  an  insight  into  how  with  proper  planning  and  use  of  present  day 
information,  the  detrimental  effects  of  industrial  and  municipal  wastes  on  the 
environment  can  be  reduced. 

Planning  for  the  construction  of  the  power  station  began  in  1967,  unit  1 
went  critical  July  1972.  The  habitat  is  the  only  one  of  the  James  River 
stations  to  have  been  studied  preoperational  ly  as  well  as  postoperational  ly . 
It  is  an  oligohaline  section  of  the  tidal  James  where  salinities  are  low  but 
may  reach  14  ppt  with  low  freshwater  runoff.  During  the  six  years  of  the 
study,  diverse  sampling  methods  produced  84  species  of  fishes,  comprised  of  32 
from  freshwater,  32  essentially  estuarine,  and  20  normally  marine  forms. 
Unlike  further  upstream,  where  anadromous  fishes  congregate  near  Chesterfield, 
little  spawning  occurs  in  this  region  of  the  James  so  few  eggs  and  young 
larvae  and  juveniles  from  freshwater  and  marine  spawners  that  provide  the 
majority  of  problems  for  the  station  and  comprise  the  age  group  that  was 
studied  intensely.  Although  this  part  of  the  river  is  considered  clean  by 
modern  standards,  24  fish  kills  were  listed  from  1962-73  for  the  lower  James 
by  the  Virginia  Water  Control  Board.  None  of  these  were  associated  with  the 
operation  at  Surry.  The  conclusion  reached  in  this  study  was  seasonal  numbers 
and  diversity  show  little  variation  although  specific  kinds  of  fishes  may 
change  from  year  to  year. 

An  analysis  reveals  several  of  the  Surry  Station  features  that  have  been 
a  factor  in  the  reduction  of  its  detrimental  effects  on  the  aquatic 
environment.  Number  one  is  the  lowering  of  the  At  of  cooling  water  to  about 
7.5  C  even  though  the  wattage  was  increased  substantially.  Second,  the  2.7  km 
long  raised,  intake  canal  with  its  slow  current  reduces  the  potential  for  fish 
to  be  caught  in  traveling  screens  at  the  plant.  Third,  a  modification  at  the 
terminus  of  the  discharge  canal  increases  the  rate  of  mixing  of  heated  water 
with  river  water.  Fourth,  water  is  withdrawn  from  the  James  River  and  pumped 
into  the  canal  by  eight  pumps  (each  210,000  gpm)  that  are  preceded  by  the 
Ristroph  traveling,  vertical  screens.  The  Ristroph  screen  with  its  water  cups 
that  gently  carry  young  fish  to  the  escape  trough  reportedly  reduce  mortality 
at  the  screens  by  almost  95  %  (White  and  Brehmer,  1977).  The  location  of  the 
Surry  Power  Station  is  probably  the  most  important  reason  why  it  has  a  minimal 
environmental  impact  on  fishes.  The  river  is  over  3  km  wide  where  the 
effluent  is  released,  which  provides  an  extensive  refuge  area  for  fishes. 

When  results  of  the  environmental  impact  studies  of  the  three  James  River 
power  stations  are  compared  it  appears  that  they  have  in  common  a  negligible, 
short-term  detrimental  effect  on  L”sheries.  I  interpret  this  to  mean  that  an 
environmental  stress  (or  combination  of  stresses)  which  does  not  put  undue 
pressure  on  productivity  in  fishes  is  not  readily  detectable  and  therefore  is 
difficult  to  asses  its  impact  on  the  total  population. 


REFERENCES 

Jensen,  L.D.  1974.  Environmental  Responses  to  Thermal  Discharges.  The 
Chesterfield  Station,  James  River,  Virginia.  Dept,  of  Geography  and 
Environmental  Engineering,  Report  No.  13,  The  John  Hopkins  University. 

Love,  R.M.  1980.  The  Chemical  Biology  of  Fishes.  Vol.  2:  Advances  Since 
1968-1977.  Acad.  Press. 

Parker,  F.L.  and  P.  A.  Krenkel  (Eds.).  1969.  Thermal  Pollution:  Status  of 
the  Art.  Department  of  Environmental  and  Water  Resource  Engineering. 
Vanderbilt  University  Press,  Nashville,  TN. 

Virginia  Electric  and  Power  Company.  1977.  Section  316(a)  Demonstration 
(Type  1),  Surry  Power  Station,  Units  1  and  2.  Vepco. 

White,  J.C.  and  M.L.  Brehmer,  1976.  Eighteen-Month  Evaluation  of  the 

Ristroph  Traveling  Fish  Screen.  Third  National  Workshop  on  Entrainment 
and  Impingement.  L.D.  Jensen  (Ed.).  Ecological  Analysts,  Inc., 
Melville,  NY. 

Woolcott,  W.S.  (Prin.  Investigator).  1974.  The  Effects  of  Thermal  Loading 
by  The  Bremo  Power  Station  on  a  Piedmont  Section  of  the  James  River. 
Vols.  I  and  II.  Virginia  Institute  for  Scientific  Research. 


Virginia  Journal  of  Science 
Volume  36,  Number  1 
Spring  1985 


Scientific  History  of  the  Kepone  Problem 

Clayton  Walton 

State  Water  Control  Board* 


It's  always  good  to  be  back  at  the  University  of  Richmond.  I  feel  very 
fortunate  to  be  able  to  talk  to  you  today.  I  remember  when  I  was  at  school 

here,  I  was  a  sophomore  when  the  Kepone  story  broke  and  at  the  time  I  didn't 

attach  a  great  deal  of  significance  to  it.  I  thought  it  would  probably  blow 

over  but  I  was  wrong  on  both  counts,  I  want  to  give  you  a  brief  history  of  it 

if  I  can,  and  bring  you  up  to  date. 

The  Allied  Chemical  Corporation  semi'  works  plant  is  a  major  industry 
located  on  the  James  River  in  Hopewell,  Va.  The  pesticide  Kepone  was 
manufactured  here  from  1  966  to  March  of  1974.  It  was  primarily  an  export 
product  (90%  exported),  most  of  this  went  to  Central  America  to  eradicate 
banana  root  borer,  and  another  large  percentage  went  to  Europe  for  treatment 
of  the  Colorado  potato  beetle.  Kepone,  a  chlorinated  hydrocarbon,  is  a  stable 
compound,  which  has  no  known  half-life.  Unlike  many  pesticides  it  is  slightly 
soluble  in  water.  Somewhere  around  a  million  and  one-half  pounds  of  Kepone 
was  produced  in  Hopewell  during  an  eight  year  period.  From  this  location 
Kepone  was  discharged  into  the  James  River  during  the  duration  of  the  entire 
manufacturing  process  on  an  irregular  basis.  It  was  practically  unregulated 
prior  to  Public  Law  92500  and  the  Institution  of  the  National  Pollutant 
Discharge  Elimination  System  permits.  In  March  of  1974  Allied  Chemical 
contracted  out  the  manufacture  of  Kepone  to  two  of  its  former  employees  who 
set  up  shop  under  the  name  of  Life  Line  Products,  where  they  manufactured 
Kepone  for  approximately  a  year  and  a  half. 

The  Hopewell  Sewage  Treatment  Plant  received  a  majority  of  the  Kepone 
that  was  discharged.  In  the  fall  of  1974,  they  began  to  develop  some  problems 
at  the  sewage  treatment  plant  with  irregular  operation  in  the  digester.  The 
State  Water  Control  Board  looked  into  it  and  discovered  that  it  was,  in  fact, 
Kepone  that  was  interfering  with  the  activated  sludge.  State  Water  Control 
Board  personnel  investigated  further  and  then  put  an  effluent  limitation  on 
Life  Science  Products  (one  part  per  billion). 

Also,  it  was  in  the  fall  of  1974  that  Virginia  Air  Pollution  Control 
Board  first  investigated  Life  Science  Products  when  there  were  several 
complaints  from  citizens.  People  said  that  on  a  windy  day  when  you  drove  by 
Life  Science  Products  the  white  dust  was  so  thick  and  heavy  you  had  to  cut 
your  lights  on  in  order  to  stay  on  the  road.  The  Air  Pollution  Board  looked 
into  the  matter  and  had  Life  Science  install  a  bag  selector  on  their  main 

emission  stack.  This  helped  cut  down  on  their  dust  but  about  this  same  time 

workers  at  the  plant  became  very  ill,  possibly  from  inhaling  fumes  during  the 
process  of  manufacture.  This  time  the  State  Health  Department  began  to  look 
into  the  situation  and  found  that  some  of  the  workers  were  in  bad  condition 
and  suffered  from  numerous  neurological  dysfunctions.  A  blood-sample  workup 
was  done  on  the  workers  and  Kepone  was  found  in  their  blood  in  quantitites  as 
high  as  7.5  ppm.  The  EPA  caught  wind  of  this  and  assessed  the  problem  for 
environmental  contamination.  They  found  it  was  wide  spread.  For  example,  the 
James  River  was  contaminated  with  respect  to  waterfowl,  fish,  shell  fish,  and 
crabs.  Batel  Northwest  Laboratories,  a  consulting  firm,  estimated  that 
probably  over  200,000  pounds  of  Kepone  had  been  discharged,  during  the 

manufacturing  process,  into  the  James  River.  With  all  this  publicity,  the 

Food  and  Drug  Administration  got  into  the  act  to  investigate  the  effects  of 
Kepone  on  the  health  of  people  who  ate  seafood  collected  from  the  James.  They 
determined  it  had  caused  cancer  in  lab  animals  and  established  action  level 
for  safe  food  consumption.  It  was  originally  established  as  0.1  ppm  for 
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finfish,  and  0.3  ppm  for  shellfish,  and  0.4  ppm  for  crabs.  The  active  level 
was  later  revised  to  0.3  ppn  for  finfish.  A  survey  of  the  finfish  population 
in  the  James  showed  many  species  of  fishes  either  at  or  above  the  active  level 
and  Governor  Godwin  closed  the  James  in  December  of  1975  to  all  fishing.  The 
Virginia  Kepone  Task  Force  was  formed  and  they  directed  a  comprehensive 
monitoring  program  with  responsibilities  divided  between  the  State  Water 
Control  Board,  the  State  Health  Department  and  the  Virginia  Institute  of 

Marine  Science.  It  was  the  job  of  the  Water  Control  Board  to  assess  and 
monitor  levels  in  the  salt  water  finfish  species.  Monitoring  stations  were 
established  and  water  samples  and  sediment  samples  were  collected  from  each  of 
the  stations.  Water  samples  were  collected  quarterly,  sediment  samples  on  an 
annual  basis.  Water  samples  showed  levels  as  high  as  1  ppb  throughout  the 
entire  area  of  the  river.  We  split  samples,  running  filtered  and  unfiltered 
water  batches,  and  found  a  marked  difference.  For  the  most  part  the 

unfiltered  samples  had  much  higher  concentrations  of  Kepone.  This 

demonstrates  Kepone's  affinity  for  particulate  matter  as  opposed  to  a  more 
soluble  compound  which  would  have  higher  levels  in  the  water  column.  As  I 
stated,  some  of  the  samples  were  collected  annually  and  were  three-fold  in 
purpose.  First  was  for  the  Federal  Government  to  determine  if  there  were  any 
mitigated  measures  that  would  follow  a  good  work  up  of  the  spatial 

distribution.  Second,  sediment  contamination  is  critical  when  the  Federal  and 
State  agencies  determine  dredging  permits.  Third,  we  wanted  to  know  how  wide 
the  extent  of  its  distribution  and  try  to  detect  if  any  movement  had 

occurred.  A  Flager  core  sampler  was  used  for  collecting  sediment  samples. 

Samples  were  analyzed  for  Kepone  content,  organic  carbons,  percent  moisture 
and  particle  size.  Bailey  Bay,  at  the  mouth  of  Bailey  Creek  at  Hopewell,  was 

the  most  heavily  contaminated  portion  of  the  river.  Near  the  mouth  of  the 

creek  concentrations  ranged  from  1  to  9  ppm  Kepone.  Below  this  point  of 
deposition  the  level  falls  off  dramatically.  In  the  section  of  the  river 
downstream  from  Hopewell,  near  the  confluence  of  the  Chickahominy  River, 
contamination  levels  are  .02  to  .09  ppm.  Levels  increase  again,  where  the 
interface  between  freshwater  and  salt  water  occurs.  What's  happening  is  the 
dense  salt  water  running  along  the  bottom  of  the  river  is  in  contact  with  less 
dense  freshwater  and  at  that  point  there  is  actually  a  negative  current,  so 
the  river  tends  to  drop  its  sediment  load  and  thus  a  great  deposition  site  for 
Kepone.  Generally,  deposition  is  greater  in  the  channel  areas  where  the 
greatest  flow  is  found.  From  here  contamination  drops  off  markedly.  Luckily 
in  the  Hampton  Roads-Newport  News  area  the  contamination  of  the  sediment  was 
not  detected.  Throughout  the  course  of  the  monitoring  program  we  have  never 
detected  any  movement  of  sediment  towards  the  Chesapeake  Bay.  In  subsequent 
years  the  contaminated  sediment  has  been  buried  by  a  normally  heavy  sediment 
load  in  the  James  River.  The  sediment  load  in  some  areas  of  the  James  River 
approaches  a  foot  per  year  causing  the  type  of  action  that  has  been  referred 
to  as  burying  effect  of  the  contaminated  substance.  Kepone  contaminated 
sediments  are  being  pushed  deeper  into  the  bottom  of  the  river  and  that  is 
good  because  this  makes  Kepone  unavailable. 

Hopewell  swamp,  which  is  next  to  Bailey's  Bay  or  the  Hopewell  landfill, 
is  one  area  where  mitigation  was  feasible.  It  was  carried  out  through 
dredging  and  removing  the  contaminated  substance.  Kepone  of f-speci f i cati on 
batches  were  dumped  from  the  fill.  Dark  colored  leachate  actually  seeped  from 
the  side  of  the  landfill  and  was  a  continual  source  of  contaminant  for  the 
swamp.  We  sampled  this  area  and  found  Kepone  sediments  in  the  swamp  as  high 
as  20,000  ppm.  This  is  a  confined  area  where  something  could  be  done.  A 
crane  was  moved  in,  the  contaminated  substance  was  successfully  dredged  up  and 
removed  and  a  good  portion  of  it  was  buried  in  a  sealed  pit  along  with  some  of 
the  contaminated  sludge  from  the  sewage  treatment  plant.  Some  of  the  swamp 
mud  went  over  to  Germany  where  they  decided  they  would  store  it  for  us  in  the 
salt  mi  nes. 

For  the  most  part  there  is  a  moratorium  on  dredging  since  1975  due  to  the 
contamination  bed  of  sediments.  The  State  Water  Control  Board  has  instituted 

two  different  studies  to  look  into  the  effects  of  dredging.  Effects  of 

possible  leaks  especially  of  the  contaminated  substance  in  the  Hopewell  area 
was  monitored  with  the  freshwater  clam,  Rangi a.  Floating  live  boxes  housed 
the  clams  in  areas  where  the  sediments  from  dredging  were  disposed  of. 

Through  the  course  of  this  dredging  operation  clams  were  monitored  to  see 
whether  there  was  a  change  in  levels  of  Kepone.  A  clam  is  an  excellent 
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organism  for  this  study  as  it  filters  the  water  and  therefore  is  a  direct 
gauge  on  the  water  column.  Other  locations  further  downstream  were  Tar  Bay 

and  Cobbham  Bay.  Results  were  very  favorable  as  they  showed  no  effects  due  to 

dredging  as  levels. 

After  the  closure  of  the  James  River  to  commercial  fishing  the  State 
Water  Control  Board  initiated  an  extensive  finfish  sampling  program.  We 

started  in  the  upper  reaches  of  the  river  at  Richmond  and  sampled  all  the  way 
to  the  Bay,  We  found  the  river  to  be  a  constant  source  of  contamination  to 
finfish.  Basically  two  mechanisms,  bio-concentration  and  bio-accumulation, 
were  the  causes.  Bio-concentration  is  the  ability  of  an  aquatic  organism  to 
concentrate  a  contaminant  within  its  tissues  many  times  higher  than  the 

concentration  in  the  water  column.  This  can  be  concentrated  to  0.3  ppm  in 
flesh  as  opposed  to  the  0.1  ppb  in  the  water.  Bio-accumulation  involves 
accumulation  through  the  trophic  levels  (accumulation  by  diet).  Because  of 
this,  predatory  fish  such  as  striped  bass  and  largemouth  bass 

characteristically  would  have  higher  levels  of  Kepone  since  they  are  way  up  on 
the  food  chain.  There  is  a  marked  difference  between  resident  fish  and  the 
migratory  salt  water  species.  Resident  fishes  are  present  in  the  James  River 
the  year  round,  they  never  get  any  relief  from  the  contamination.  Therefore 
characteristically  they  have  higher  levels  of  Kepone  in  their  tissues.  In 

1976  we  found  some  fish  with  levels  as  high  as  3,  4  and  5  ppm,  considerably 

higher  than  the  actual  level  of  0.3,  Migratory  species  come  into  the  estuary 
in  early  spring,  clean  of  Kepone.  After  feeding  in  the  estuary,  they 

accumulate  the  pesticide  and  levels  rise  gradually  throughout  the  summer.  By 
September  the  levels  are  at  or  above  the  active  levels.  Then  they  leave  the 
estuary  and  go  through  the  process  of  depuration  when  they  reach  the  clean 
water  of  Chesapeake  Bay.  It  discontinues  the  contamination  from  one  year  to 
the  other.  Virginia  Institute  of  Marine  Science  scientists  have  studied 
depuration  in  saltwater  fishes  that  is  complete  in  20-24  days. 

Kepone  has  been  detected  in  the  Chi ckahomi ny .  Trace  amounts  were 
actually  found  in  the  Chickahominy  Lake  above  Walker's  0am.  Theorizing,  it 
may  have  been  from  aerial  di spersement .  Levels  were  never  high  in  the 
Chesapeake  Bay,  When  the  program  started  out  in  1976,  there  were  traces  of 
Kepone  found  there  but  it  never  reached  large  proportion. 

The  different  tissues  of  fishes  concentrate  Kepone  at  different  levels. 
The  muscle  tissue,  which  is  edible  meat,  of  the  white  perch  has  had  levels 
around  3  ppm  whereas  the  liver  was  3  times  higher  at  10  ppm.  This  is 
attributed  to  Kepone's  affinity  for  lipids.  Two  catfish,  white  and  channel, 
have  sifnilar  habitats,  and  feeding  habits,  but  do  not  concentrate  Kepone  at 
the  same  rate.  The  white  catfish  is  considerably  higher  than  the  channel 
catfish,  even  though  the  white  catfish  is  still  under  the  active  level.  This 
is  attributed  totally  to  physiology.  The  breakdown  mechanism,  the  metabolism 
mechanism,  of  the  channel  catfish  is  much  more  efficient  with  respect  to 
Kepone  than  is  that  of  the  white  catfish. 

The  eel  market  in  the  United  States  is  not  real  great  but  there  is  a 
marvelous  market  for  eels  overseas  and  most  of  the  eels  that  are  exported 
bring  a  good  price.  The  taking  of  eels  was  banned  along  with  other  finfish. 
The  State  recently  organized  a  study  to  try  to  see  whether  the  harvesting 
could  be  eased  on  the  eels.  If  the  eel  harvest  is  followed  by  a  purging 
process  where  eels  are  held  in  freshwater  for  two  to  three  weeks  to  purge 
themselves  of  waste  and  brackish  water  they  taste  better.  So,  possibly  an 
extension  of  this  period  will  allow  eels  to  depurate  the  Kepone  which  would 
ease  the  pressure  on  the  market.  The  State  hired  a  private  contractor  to  come 
in  and  study  this.  The  first  thing  he  did  was  get  some  commercial  fisherman 
to  go  out  and  catch  several  thousand  eels.  Eels  were  put  in  floating  cages 
which  were  in  clean  water.  By  clean,  I  mean  Kepone  free.  Some  were  taken  up 
into  the  far  upper  regions  of  the  Chickahominy  up  above  the  dam  and  others 
were  taken  to  the  Pamunkey  River.  There  were  two  other  sites,  one  down  at 
Sturgeon  Point  and  another  in  the  laboratory  at  Old  Dominion  University.  The 
eels  were  monitored  weekly  with  samples  to  assess  the  Kepone  levels. 
Scientists  at  Virginia  Institute  of  Marine  Science  have  done  eel  depuration 
studies  in  their  lab  prior  to  this  and  came  up  with  a  period  of  about  30 
days.  Their  present  study  results  concurred  with  the  results  of  those  of  the 
earlier  study. 

One  of  the  first  areas  of  the  river  that  was  open  after  the  initial 
closing  was  the  section  of  the  Chickahominy  River  just  below  Walker's  Dam.  It 
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is  a  popular  recreational  area*  especially  for  large  mouth  bass  fishing.  It 
was  closely  monitored  and  in  the  summer  of  1979,  a  time  of  which  was 
characterized  by  the  largemouth  bass  levels  reaching  their  peak,  the  fish  was 
below  the  active  level.  For  this  reason  the  governor  opened  the  section  from 
Walker's  Dam  downstream  to  Wilcox  Neck  for  the  recreational  taking  of  large 
mouth  bass.  Recently  it  was  reopened  when  it  was  found  that  fishes  1n  that 
area  had  Kepone  levels  below  the  active  level. 

We  are  in  hopes  this  trend  will  continue,  we're  optimistic,  we  see  it  as 
correlating  very  closely  with  the  fact  that  the  sediments  are  being  buried  and 
not  as  available  to  the  fish.  Of  course,  monitoring  will  continue  but  we  try 
to  remain  optimistic  for  the  future.  In  a  time  vihen  there  is  a  lot  of 
emphasis  put  on  toxic  substances  Kepone  will  be  remembered  as  one  of  the  first 
and  worst  one  of  the  lot.  Let's  hope  that  we  can  learn  something  from  this 
disaster  and  that  we  can  apply  our  knowledge  to  prevent  such  occurrence  in  the 
future. 
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Economic  History  of  the  Kepone  Problem 

John  De  Maria 

Virginia  Watermans  Association 


I  got  my  education  at  Flordia  State  University  probably  more  because  of 
the  fact  that  I  worked  out  in  the  James  River  than  anything  else.  What  I  mean 
by  that  is  it's  extremely  hard  work  out  there  and  I  became  so  physical  from 
working  so  hard  that  I  received  a  4  year  football  scholarship.  But  as  far  as 
my  marine  science  training  not  being  as  prolific  as  my  physical  knowledge  I 
offer  that  I've  learned  a  lot  about  commercial  fishing,  oystering,  etc.,  from 
experience.  It's  very  involved.  You  might  not  think  its  that  difficult  to 
learn  about  fishing  but  in  order  to  be  a  successful  fisherman  or  successful 
oysterman  you  have  to  be  familiar  not  only  with  the  waters  but  also  with  the 
ground  underwater  with  which  you  operate  in,  and  of  course  you  have  to  clean 
up  the  water  bottom  and  not  tear  them  up,  you  have  to  be  aware  of  where  the 
various  seafood  catches  are  located  so  that  you  can  catch  them  and  know  what 
time  of  season  they  are  catchable  or  harvestable.  I  have  relatives  that  have 
been  in  the  Seafood  Industry  all  of  their  lives.  The  reason  they're 
successful  and  still  in  the  Seafood  Industry  is  because  they  made  themselves 
well  informed  and  have  worked  hard  at  it.  They  have  learned  their  information 
by  doing  and  now  they've  got  it  all  in  their  heads.  They  know  the  River  like 
the  back  of  their  hands.  When  all  of  a  sudden  on  the  18th  of  December  1975 
the  state  closed-up  the  River,  closed  it  up  completely,  you  couldn't  go  out 
there  and  catch  anything.  Didn't  matter  what  it  was.  Be  assured  the  VA 
Marine  Resource  Commission  was  out  there  watching.  If  you  took  something, 
they  gave  you  a  ticket  or  whatever.  You  had  to  pay  a  fine,  which  we  can 
appreciate  because  we  certainly  didn't  want  to  harm  anybody  by  exposing  them 
to  something  that  was  detrimental  to  their  health.  This  may  not  make  a  whole 
lot  of  sense  to  you,  but  look  at  it  in  this  respect,  everyone  sitting  in  here 
is  getting  a  degree,  or  has  a  degree  and  has  4  years  of  education,  up  to  10 
years  of  education  behind  them  and  they're  working  in  a  field  where  they're 
making  a  livelihood.  Now  let's  just  suppose  that  the  field  you're  making  a 
livelihood  in,  all  of  a  sudden,  like  that,  is  gone!  What  are  you  going  to 
do?  This  is  exactly  what  happened  to  the  workers  in  the  River,  in  certain 
perspectives.  Now  there  are  those  of  you  who  might  say,  you  can  just  relocate 
to  another  River  and  continue  to  catch  the  oysters  and  the  fish  or  whatever. 
Okay,  nov/  what  about  all  those  years  that  these  people  have  spent,  you  might 
compare  it  to  college,  learning  from  their  time  tested  ways  the  areas  where 
they  could  catch  fish  at  certain  times  of  the  year,  or  the  areas  where  they 
have  labored  cleaning  up  the  water  bottoms  so  that  they  could  successfully 
harvest  seafood  from  there.  I  can't  imagine  your  being  even  able  to 
comprehend  the  entirety  of  this  -  but  its  really  a  skill  evolved  tradition, 
practice  and  feeling.  --I  was  fortunate  enough  to  have  had  a  little  bit  more 

education  than  most  of  the  people  that  work  on  water.  Thus,  I  could  move  into 

other  fields;  which  I  did.  From  that  perspective  there  were  some  extremely 
disturbing  things  that  I  saw  happening  in  testing  done  by  the  State  Water 
Control  Board.  For  example,  "the  migratory  species,"  as  the  spokesman  said, 
"tend  to  have  less  Kepone  in  them  the  first  part  of  the  year  than  the 

latter."  Of  course  the  species  of  fish  which  stay  there  year  round  have  more 

Kepone  in  them.  But  when  the  testing  people  went  out  and  made  their  samples 
they  were  taking  samples  of  small  fish,  in  addition  to  the  larger  fish.  Of 
course  the  small  fish,  which  were  not  big  enough  to  go  out  to  the  ocean  were 
migratory  fish,  but  they,  because  of  size,  were  not  big  enough  to  go  out  to 
the  ocean.  They  stayed  and  wintered  over  in  the  River.  So  naturally,  since 
these  small  fish  wintered  over,  their  accumulation  of  Kepone  through  constant 
exposure  was  much  greater  than  a  fish  entering  in  the  spring  and  starting  its 
life  in  the  River  system.  If  the  sample  was  taken,  say  in  August,  a  big  fish 
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would  have  been  there  for  two  or  three  months  and  may  not  show  a  high  level  of 
Kepone,  but  that  small  fish  which  had  gotten  big  enough  to  be  edible  at  that 
time  was  past  the  action  level.  So  that  reflected  the  amount  of  Kepone  that 
was  actually  in  the  edible  tissue  of  that  fish.  With  the  greatest  publicity 
the  closure  of  the  River  started  in  1975,  and  for  a  period  of  5  months,  no 
harvesting  of  oysters,  and  soup  oysters,  which  are  oysters  that  are  big  enough 
to  fry  or  make  a  chowder,  were  allowed  to  be  sold  unless  it  was  transplanted 
for  cleansing  in  uncontaminated  water  first.  After  5  months,  and  I  will 
venture  to  say  that  probably  about  a  dozen  people  in  this  room  are  aware  of 
this,  but  after  5  months,  the  specific  date  would  be  the  21  of  May  with  little 
fanfare  the  harvesting  of  oysters  for  direct  human  consumption  was  permitted 
out  of  the  James  River.  But  where  was,  repeat,  where  was  the  publicity  to 
account  for  this?  Everybody  still  thought  that  you  couldn't  eat  anything  out 
of  the  James  River.  One  time  they  opened,  and  I've  got  specific  dates  here, 
they  opened  the  River  up  for  the  harvesting  of  catfish,  but  again  people  were 
still  conditioned  that  you  couldn't  eat  anything  from  the  River.  I  heard 
earlier  that  research  had  been  done.  It  seems  to  me  they  should  have  applied 
this  research  and  publicized  the  River  opening  with  the  same  intensity  as  the 
closing.  I  have  had  information  mailed  to  me  and  I  have  disseminated 
information  to  others  that  levels  of  Kepone  in  the  fish  were  considerably 
below  the  .3  parts  per  billion  up  to  June,  July  and  August  for  specific 
species  such  as  trout  or  spot  for  the  last  two  or  three  years.  Now  many  of 
the  species  were  above  that,  yet  no  harvesting  was  allowed  on  the  species  of 
fish  that  were  below  the  level  at  that  particular  time.  The  people  of  the 
State  Water  Control  Board  were  very  well  aware  of  this  because  much  of  this 
information  I  got  was  from  them.  Let  me  repeat  this  one  more  time,  so  you  can 
understand  it.  For  the  last  three  years  there  have  been  species  of  fish  that 
have  been  below  the  active  level  yet  we  were  not  allowed  to  harvest  them. 
That's  absolutely  true!  Finally  they  have  gotten  around  to  allowing  this  and 
we  certainly  do  appreciate  it.  But  a  few  things  we  still  find  hard  to  live 
with  are  levels  affecting  crabs.  They've  got  a  .44  parts  per  million  level 
with  which  they  are  safe  and  on  fish  they  have  a  .3  parts  per  million.  Why 
the  difference  there?  Watermen  cannot  comprehend  this  and  it  doesn't  make 
sense  to  me  either.  Another  of  the  big  problems  we  had,  I'm  sure  you're  all 
aware  of  the  fact  that  the  watermen  suffered  -  all  the  people  who  are  actually 
in  the  Seafood  Industry,  not  only  the  watermen  but  processors,  too,  suffered 
from  this  Kepone  contamination.  Rightfully  so,  they  should  have  had  rights 
for  some  sort  of  compensation  from  the  people  who  did  it.  Some  people  in  this 
room  may  think  that  those  watermen  receiving  a  thousand  dollars  in 
compensation  for  being  unable  to  work  in  an  area  which  they  have  been 
accustomed  to,  for  a  decade  or  for  a  period  of  5  years  is  adequate.  Well  I 
don't  think  it's  fair.  I  just  totally  disagree  with  it.  We  have  a  lot  more 
problems  in  the  James  River  besides  Kepone,  now  and  I  think  that  people  are 
finally  getting  this  information  together  and  are  going  to  open  the  river  up 
to  commercial  fishing  because  Kepone's  not  nearly  as  severe  as  what  people 
originally  thought...  the  reason  I  say  that  is  because  I  attended  a  meeting  in 
Richmond  when  this  thing  first  happened.  The  people  there  explained  to  us  at 
the  meeting  how  they  set  these  action  levels  and  they  explained  that  they 
would  figure  the  amount  of  that  carcinogen  that  would  cause  cancer  in  rats. 
Then  they  will  multiply  that  by  10  and  that's  what  the  level  will  be  for 
safety  factors  to  protect  humans.  In  the  situation  with  Kepone  they  couldn't 
find  the  level  exactly  that  would  cause  cancer.  They  have  approximated  the 
level  and  by  applying  the  multiple  factor  of  ten,  they  used  another  factor  to 
make  it  100  times  greater  to  protect  the  public.  We  didn't  want  to  put 
anything  bad  on  anyone's  table.  I  think  there's  a  lot  of  room  for  improvement 
here  and  I  think  it's  time  because  the  panel  has  enough  information  about  it 
now  that  it  is  safe  and  it's  not  going  to  be  detrimental  to  your  health.  But 
there  are  still  many  other  problems  in  that  River  and  a  couple  of  them  I  would 
like  to  mention  now  includes  the  sewage  treatment  plants.  Talking  about  the 
tremendous  amount  of  freshwater  coming  downstream  in  the  James  River  and  the 
oxygen  levels  and  so  forth  but  right  now  with  all  the  sewage  treatment  plants 
that  are  located  on  the  James  River  something  like  60%  of  all  freshwater 
coming  downstream  originated  from  sewage  treatment  plants.  That  might  not 
shock  many  people  in  here  but  there  are  probably  many  of  you  people  in  here 
who  are  biologists  that  are  aware  of  the  fact  that  chlorine  in  very,  very 
small  percentages  or  very  small  concentrations  will  kill  oyster  larva;  and 
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with  the  James  River  being  the  very  largest  producer  of  sea  oysters  in  the 
world,  this  is  of  extreme  concern  of  many  people  in  the  Seafood  Industry.  And 
of  course  with  the  freshwater  levels  coming  not  just  from  the  mountains  but 
also  from  the  chlorine  treated  sewage  plants,  freshwater  is  actually  moving 
the  salt-water  line  or  brackish  water  line  further  downstream,  taking  its  toll 
on  oyster  beds.  Many  people  who  have  had  productive  oyster  grounds  up  in  the 
vicinity  of  the  James  River  fleet,  now  have  oyster  grounds  that  are  worthless 
because  every  two  or  three  years  you'll  have  an  abundant  amount  of  moisture 
(water  coming  downstream)  that  will  kill  all  the  oysters.  Oysters  can't 
survive  over  a  couple  of  weeks  in  freshwater.  I  heard  someone  mention  about 
the  litter  problem  out  there.  But  why  worry  about  such  things  that  are  as 
insignificant  as  litter  when  we've  got  other  life  threatening  pollutants  that 
are  so  much  more  important  and  in  need  of  correction.  I  think  that  one  of  the 
problems  that  we  have  in  this  society  is  well  intentioned  people  just  don't 
get  their  order  of  priorities  well  organized.  There  are  some  things  that  need 
to  be  done  before  other  things.  I've  been  working  out  there  in  the  River  a 
long  time,  along  with  other  watermen,  and  I  think  I  can  say  as  much  as  others 
who  were  adversely  affected...  I  don't  know  what  else  you'd  like  to  hear  but. 
I'll  be  glad  to  answer  any  questions  that  anybody  might  have. 
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Major  Environmental  Statutes  Affecting  the  James  River 

Timothy  G.  Hayes* 

Environmental  Defense  Fund 


Since  the  late  1960's,  numerous  federal  and  state  laws  have  been  enacted 
that  directly  or  indirectly  control  the  impacts  of  human  activity  on  our 
waterways.  This  synopsis,  while  far  from  exhaustive,  briefly  describes  the 
most  important  of  those,  and,  where  appropriate,  how  they  relate  to  the 
James.  The  order  of  listing  implies  no  ranking  of  importance. 

Thanks  are  expressed  to  Richard  Ayers,  John  Butcher  and  Robert  McEachern 
of  the  State  Water  Control  Board  for  reviewing  the  manuscript  and  updating 
environmental  statutes  where  pertinent  to  1984  laws. 

National  Environment  Policy  Act  of  1969  (41  U.S.C.  §§  4321  et  seq. ) 

“ThTs~  1  aw,  popularly  knmvn  as  ^NEPA",  establishes  a  national  policy 
requiring  all  federal  agencies  to  give  full  consideration  to  environmental 
effects  in  the  planning  and  execution  of  their  program.  It  establishes  a 
federal  agency,  the  Council  on  Environmental  Quality  (CEQ)  to  oversee  the  Act 
and  its  implementation.  It  imposes  a  requirement  on  federal  agencies  that 
prior  to  any  "major  federal  action  significantly  affecting  the  quality  of  the 
human  environment",  a  detailed  environmental  impact  statement  (EIS)  must  be 
prepared,  which  includes  analysis  of  the  environmental  impact  of  the  proposal, 
any  unavoidable  adverse  effects,  alternatives  to  the  proposed  action,  the 
relationship  between  local  short-term  uses  of  the  environment  and  maintenance 
and  enhancement  of  long-term  productivity,  and  any  irreversible  commitment  of 
resources  that  would  result.  The  EIS  must  be  published  in  draft  form,  for 
public  comment.  (CEQ's  regulations  for  the  preparation  of  the  EIS  are  at  40 
CFR  pts.  1  500-1508)  . 

NEPA  applies  to  many  of  the  federal  activities  affecting  the  James, 
including  federally-conducted  or  sponsored  activities  such  as  dredging,  harbor 
and  channel  maintenance,  new  construction  or  modifications  of  existing 
facilities,  e.g.  at  federal  military  installations,  aid  to  construction  of 
highways  and  sewage  treatment  facilities,  and  issuance  of  federal  permits  for 
activities  that  may  be  conducted  by  non-federal  permittees,  e.g.  Corps  of 
Engineers  permits  under  the  Clean  Water  Act  and  Rivers  and  Harbors  Act. 

Clean  Water  Act  (33.  U.S.C.  §§  1251  et  seq. ) 

The  Clean  Water  Act  (CWA)  is  thenSaci^one  of  a  massive  effort  "to  restore 
and  maintain  the  chemical,  physical  and  biological  integrity  of  the  Nation's 
waters",  and  is  the  most  important  federal  statute  affecting  water  quality. 
Although  its  origins  can  be  traced  to  1948,  the  Act  in  its  present  form  dates 
from  the  1972  Federal  Water  Pollution  Control  Act  Amendments,  which 
established  (among  others)  national  goals  of  eliminating  the  discharge  of 
pollutants  by  1985  and  attaining  fishable  and  swimmable  waters  by  1983, 
imposed  a  nationwide  discharge  permit  program  with  uniform,  mandatory  minimum 
effluent  requirements  and  attainment  deadlines,  required  establishment  of 
quality  standards  for  all  U.S.  waters,  established  areawide  quality  management 
planning  requirements,  and  committed  the  nation  to  a  massive  program  for  the 
construction  of  sewage  treatment  works.  The  CWA's  major  provisions  include: 

Section:  1 01 :  (a)  sets  forth  the  goals  of  the  Act.  Although  these  are 

not  binding  regulatory  requirements,  they  must  be  considered  in  agency  and 
judicial  decisionmaking. 

1 01  (b)  Recognizes  and  preserves  the  states'  primary  responsibility  for 

the  Act ' s  implementation. 

1 06  Provides  grants  to  states  to  assist  them  in  administering  programs 
under  the  Act. 

201 -207  Set  forth  the  requirements  of  the  construction  grants  program. 


*Present  address:  Law  Offices  of  Thomas  &  Fiske,  Richmond,  VA 
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Prior  to  Oct.  1,  1984,  such  grants  for  construction  were  75%  of  the  eligible 
costs  (85%  for  "innovative  or  alternative"  processes).  As  of  October  1,  1984, 
the  basic  construction  grant  is  55%  of  eligible  costs,  with  innovative  or 
alternative  projects  20%  greater  than  whatever  basic  percent  is  currently  in 
effect,  but  no  greater  than  85%.  In  order  to  be  grant  eligible,  a  project 
must  be  in  compliance  with  numerous  requirements  concerning  planning,  design, 
priority  list,  which  determines  the  amount  and  schedule  of  their  funding.  In 
Virginia,  the  program  is  administered  by  the  State  Water  Control  Board. 
Expectations  have  exceeded  reality,  due  in  part  to  insufficient  funding 
aggravated  by  inflation.  Since  December  29,  1  981  ,  however,  there  have  been  no 
grants  made  solely  for  planning  or  for  preparation  of  plans  and 
specifications.  If  a  construction  grant  is  awarded,  the  Administrator  of  EPA 
can  allocate  some  of  that  grant  for  any  non-federal  funds  expended  during 
planning  and  design.  The,  States  can  also  advance  funds  for  planning  or  plans 
and  specs  to  small  communities  that  are  potential  grant  applicants. 

Section  205( j )  was  added  by  PL  97-117,  passed  December  29,  1981,  and 
provides  for  funding,  using  a  portion  of  a  States'  allotted  construction  grant 
funds,  for  certain  activities.  These  activities  relate  to  identifying 
measures  to  meet  water  quality  standards,  developing  funding  to  implement 
these  measures,  determining  and  reporting  water  quality  problems,  and  assuring 
the  most  cost-effective  use  of  construction  grant  funds. 

208  This  section  requires  comprehensive  areawide  planning  to  correct 
existing  water  quality  problems,  avoid  future  ones,  and  to  ensure  that 
programs  under  the  CWA,  such  as  grant  funding,  permitting  and  standard¬ 
setting,  are  carried  out  in  a  comprehensive  manner.  In  areas  designated  by 
the  Governor,  planning  agencies  are  responsible  for  the  development  of 
management  plans  to  include,  among  other  things,  an  estimate  of  treatment 
works  necessary  to  meet  future  needs,  priorities  for  treatment  plant 
construction,  establishment  of  a  program  to  regulate  future  construction  of 
facilities  which  may  result  in  discharge  of  pollutants,  identification  of  the 
institutions  and  resources  needed  to  carry  out  the  plan,  and  a  process  to 
identify  and  control  pollution  from  non-point  sources.  In  areas  not 
designated  by  the  Governor,  the  State  Water  Control  Board  is  responsible  for 
developing  and  carrying  out  areawide  planning  and  supervising  non-point 
pollutant  control.  (Control  of  non-point  pollutants  in  Virginia  is  primarily 
a  voluntary  process,  focused  on  use  of  best  management  practices  by  such 
identified  sources  as  agriculture,  forestry,  urban  runoff  areas,  highway 
maintenance  and  de-icing,  and  activities  affecting  groundwater.  Local  zoning 
authority  and  sediment  control  ordinances  are  important  tools  in  this  effort, 
but  their  uniform  effectiveness  remains  to  be  demonstrated.)  Until  September 
30,  1983,  Federal  funding  was  available  under  this  section,  but  now  States 
must  use  their  own  money. 

301  Prohibits  pollutant  discharges  from  point  sources  except  in 
compliance  with  the  Act,  including  possession  and  compliance  with  a  valid 
permit.  Sets  forth  mandatory  deadlines  for  the  attainment  of  technology-based 
effluent  limitations  based  on  standards  set  by  EPA,  including  standards  for 
toxic  pollutants,  and  requires  compliance  with  any  more  stringent  limits  based 
on  State  water  quality  standards. 

303  Requires  development  of  water  quality  standards  for  all  intrastate 
and  interstate  waters.  The  standards  must  be  consistent  with  the  requirements 
of  the  CWA,  including  protection  of  fish,  shellfish,  wildlife  and 
recreation.  Standards  are  to  be  developed  by  the  state  (although  the  EPA 
Administrator  may  do  so  in  the  absence  or  inadequacy  of  state  action)  and  must 
be  approved  by  the  EPA  Administrator.  They  must  be  reviewed  at  least  every 
three  years.  Requires  States  to  identify  those  waters  requiring  protection 
more  stringent  than  that  afforded  by  technology-based  standards  and  to  develop 
total  maximum  daily  loads  for  certain  pollutants  in  those  areas,  which  are  to 
be  allocated  among  dischargers  through  the  permit  process.  Requires  states  to 
conduct  a  "continuing  planning  process"  for  all  state  waters.  The  process 
must  be  approved  by  the  Administrator  and  must  ensure  implementation  of  water 
quality  standards,  setting  of  total  maximum  daily  loads,  inventory  and  ranking 
of  needs  for  treatment  works,  and  inclusion  of  applicable  elements  of  §  308 
pi  ans . 

304  Requires  EPA  Administrator  to  develop  criteria  for  water  quality 
reflecting  the  effects  of  pollutants  on  health,  welfare,  fish,  wildlife, 
recreation  and  other  uses,  and  the  levels  of  protection  needed  to  protect  such 
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uses.  Requires  Administrator  to  establish  regulatory  guidelines  for  setting 
of  technology-based  effluent  limitations  for  inclusion  in  discharge  permits. 
Authorizes  EPA  Administrator  to  publish  regulations  for  control  of  toxic 
pollution  from  runoff,  spillage  or  sludge  disposal,  for  inclusion  in  discharge 
permits.  Requires  EPA  Administrator  to  publish  guidelines  and  methods  for 

control  of  non-point  pollutants  from  agriculture,  silviculture,  mining, 
construction  and  certain  other  activities. 

305  Requires  biennial  water  quality  inventory  for  all  state  waters.  In 
Virginia,  this  is  prepared  by  State  Water  Control  Board  for  submission  to  EPA. 

306  Requires  EPA  Administrator  to  set  standards  of  performance  for 

certain  categories  of  "new  sources"  (those  begun  after  publication  of 

applicable  proposed  standards)  which,  because  they  must  reflect  the  greatest 

degree  of  effluent  reduction  he  determines  to  be  achievable  through 
application  of  the  best  available  demonstrated  control  technology,  are 
generally  more  stringent  than  existing  source  standards.  These  must  be 
included  in  discharge  permits  issued  to  such  facilities. 

307  Establishes  a  toxic  substance  list,  initially  containing  65  groups 

of  chemicals  taking  into  account  toxicity,  persistence,  degradability, 
presence  and  importance  of  organisms  affected  and  the  nature  of  the  effect  of 
the  pollutant  on  such  organisms.  The  Administrator  is  required  to  establish 
effluent  limitations  for  listed  substances,  applicable  to  classes  of  point 
sources,  based  on  best  available  technology,  and  may  publish  more  stringent 
effluent  standards  or  prohibitions  where  necessary  to  achieve  greater 
protection.  Toxicity-based  effluent  limitations  are  included  to  discharge 
permits,  where  applicable,  and  must  be  met  no  later  than  July  1  1984,  (or 

three  years  after  promulgation  for  chemicals  not  on  the  original  list). 
(Note:  Water  Quality  Criteria  for  64  of  the  65  toxic  chemicals  groups  were 

published  in  the  November  28,  1980  Federal  Register).  This  section  also 
requires  the  EPA  Administrator  to  establish  pretreatment  standards  for 
pollutants  discharged  into  publicly-owned  sewage  treatment  works,  in  order  to 
ensure  that  such  pollutants  do  not  interfere  with  the  treatment  works,  cause 
effluent  violations  or  enter  receiving  waters  in  unacceptable  amounts.  (For 
example,  the  Hopewell  Regional  Waste  Treatment  Facility,  which  receives 
substantial  industrial  waste  for  treatment  before  discharging  to  the  James, 
must  impose  pretreatment  requirements  on  industrial  contributors.) 

308  Directs  Administrator  to  require  dischargers  to  compile  and  maintain 
certain  records,  conduct  sampling  and  monitoring  activities,  submit  reports 
and  conduct  other  information  activities  necessary  to  carry  out  the  Act.  This 
information,  except  for  trade  secrets,  is  available  to  the  public.  States 
administering  the  NPDES  permit  program  must  have  similar  requirements. 

309  Authorities  Administrator  to  enforce  the  Act,  including  permits 
issued  thereunder.  Administrator  can  enforce  State-issued  permits  in  absence 
of  effective  state  enforcement  action.  Section  309  provides  for  civil 
penalities  of  up  to  $10,000  per  day,  and  criminal  penalties  including  fines 
and  imprisonment. 

31 1  Requires  a  National  Contingency  Plan  for  cleanup  of  spills  of  oil 
and  certain  hazardous  substances  into  U.S.  waters.  Makes  spillers  strictly 
liable  (up  to  certain  limits),  for  cleanup  costs,  natural  resources  damage, 
and,  in  the  case  of  a  hazardous  substance  spill,  mitigation  costs.  Where 
spill  is  willful,  liability  limits  do  not  apply.  Requires  vessel  owners  to 
establish  proof  of  financial  responsibility  to  meet  liability  limits. 
Establishes  civil  penalties  for  violations,  and  a  revolving  fund  to  be  used 
for  cleanup  of  spills.  Administered  in  the  James  primarily  by  the  Coast 
Guard. 

31 2  Establishes  federal  requirements  for  marine  sanitation  devices 
(treatment  or  holding)  on  vessels  equipped  with  installed  toilets.  State  may 
impose  more  stringent  "no-discharge"  requirement  in  areas  where  that  is  needed 
to  protect  water  quality. 

31 3  Requires  federal  facilities  to  comply  with  all  federal,  state  and 
local  requirements  concerning  control  of  water  pollution.  Waives  federal 
immunity  to  suits  for  violations. 

401  Requires  State  certification  of  compliance  with  all  applicable  water 
quality  requirements  before  any  federal  permit  can  be  issued  for  an  activity 
that  may  result  in  a  discharge  (In  effect,  a  state  veto  capability). 
Administered  by  State  Water  Control  Board.  With  respect  to  James,  "401' s"  are 
frequently  required  because  of  the  many  Corps  of  Engineers  permits  issued  for 
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dredging,  marina  construction,  wetlands  development,  and  similar  activities. 
Public  notice  and  in  many  cases,  a  hearing,  is  required  before  a  401 
certification  can  be  issued.  Certification  may  include  conditions  to  be 
imposed  upon  the  activity,  to  ensure  protection  of  water  quality. 

402  Probably  the  most  important  section  of  the  Act.  It  establishes  the 
permit  system  known  as  the  National  Pollutant  Discharge  Elimination  System 
("NPDES")  and  sets  forth  the  basic  requirements  for  the  program.  The 
Administrator  is  authorized  to  issue  NPDES  permits,  but  in  any  state 
satisfying  the  requirements  of  §  402(b),  the  Administrator  is  required  to  turn 
administration  of  the  program  over  to  the  state.  The  program  in  Virginia  has 
been  administered  by  the  State  Water  Control  Board  since  mid-1975. 
(Approximately  1,900  permits  have  been  issued  by  the  Board;  about  half  are 
municipal  and  half  are  industrial.)  The  Administrator  retains  the  authority 
to  veto  permits  not  meeting  the  requirements  of  the  Act,  and  may  take 
enforcement  action  under  Section  309,  if  warranted.  He  may  suspend  the  State 
program  for  failure  to  properly  administer  it.  Every  point  source  discharger 
(with  certain  exceptions)  is  required  to  have  a  valid  permit.  The  permits 
include,  among  other  things,  effluent  limitations  based  on  technological 
guidelines  or  water  quality  criteria  (including,  where  applicable,  toxic 
limits),  monitoring  and  reporting  requirements,  and  other  mandatory 
provisions.  In  the  case  of  publicly-owned  treatment  works  the  permit  may 
require  an  approved  pretreatment  program,  (e.g.,  as  described  in  reference  to 
Hopewell)  The  permit  is  a  legally  enforceable  document,  and  failure  to  comply 
with  its  requirements  is  a  violation  of  law.  Issuance  or  amendment  of  a 
permit  requires  public  notice  and  may  require  a  hearing  by  the  Board. 

404  Requires  a  permit  prior  to  the  discharge  of  dredged  or  fill  material 

into  "^e  navigable  waters"  (Note:  "navigable  waters"  in  this  context  is 

much  broader  than  the  traditional  concept.  It  includes  not  only  virtually  all 
waters  in  the  U.S.,  whether  navigable  in  fact  or  not,  but  adjacent  wetlands  as 
well).  Numerous  in-stream  and  land-disturbing  activities  affecting  the  James 
and  its  tributaries  are  subject  to  regulation  under  Section  404.  Certain 
categories  such  as  normal  farming,  ranching,  forestry,  irrigation,  and 
maintenance  of  dikes  and  dams  are  exempt.  The  Corps  of  Engineers  administers 
the  program  in  Virginia,  subject  to  NEPA  and  to  certification  by  the  State 
under  Secti on  401 . 

505  Permits  citizens  to  file  civil  actions  in  federal  court  to  enforce 

certain  provisions  of  the  Act  or  force  the  EPA  Administrator  to  perform  a 

nondiscretionary  duty.  Costs  of  litigation,  including  attorney  and  expert 
witness  fees,  may  be  awarded  by  the  court.  Persons  filing  citizen  suits  must 
give  at  least  60-day  notice  prior  to  filing  suit  (unless  a  toxic  standard  is 
being  violated),  and  are  precluded  from  filing  (but  may  intervene  as  a  matter 
of  right)  if  a  court  action  is  being  "diligently"  prosecuted  by  the  U.S.  or  by 
the  State. 

State  Water  Control  Law  (  §§  62.1-44.2  et  seq . ,  Code  of  Vi  rgi  nia  (1  950) ,  as 

amended)  ~ 

The  State  Water  Control  Law  (SWCL)  is  the  primary  authority  for  the 
regulation  of  water  quality  in  Virginia.  Among  its  numerous  provisions,  it 
establishes  a  policy  to  protecting  all  high-quality  State  Waters  from 
degradation  and  restoring  all  others  to  a  quality  that  will  permit  all 
reasonable  uses  and  support  propagation  and  growth  of  aquatic  life,  affirms 
the  authority  of  the  State  over  all  state  waters  (defined  to  include  all 
waters,  above  and  below  ground),  establishes  a  seven-member  State  Water 
Control  Board  to  administer  the  law,  empowers  the  Board  to  set  water  quality 
standard  and  policies  and  to  issue  certificates  for  the  discharge  of  wastes, 
requires  actual  or  potential  dischargers  to  obtain  Board  approval,  gives  the 
Board  the  authority  to  enforce  the  SWCL,  permits,  regulations  and  standards 
through  administrative  orders,  court  injunctions  and  civil  and  criminal 
penalties,  and  provides  for  cleanup  of  and  recovery  of  damages  from  oil  spills 
and  fish  kills.  The  Board*s  authority  to  administer  the  NPDES  and  other  Clean 
Water  Act  programs  is  drawn  from  the  SWCL. 

The  major  water  quality  programs  administered  by  the  Board  include  (basic 
authority  under  SWCL  is  contained  in  Parenthesis): 

--construction  grants  program  under  Title  II  of  the  CWA  (62.1-44  .15(12)) 

--Areawide  water  quality  management  planning  under  §  208  of  the  CWA,  in 
non-designated  areas  (§  62.1-44.15(1  3)) 
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--Administration  and  coordination  of  the  Non-point  source  control  program 
under  §  208,  in  conjunction  with  other  state  and  local  authorities  (  §  62.1- 
44. 15(1), (13)) 

--establishment  of  water  quality  standards,  designation  of  water  quality 
limited  streams,  calculation  of  total  maximum  daily  loads  and  water  quality 
planning  under  §  303  (  §  62.1  -44.1  5(3),  (1  3)_) 

--preparation  of  water  quality  inventories  under  §  305  (§  62.1-44.15(2)) 

--Administration  of  state  marine  sanitation  device  regulations  in  no¬ 
discharge  areas  designated  under  §  31 2  (§  62.1-44.33)  (Sewage  from  marinas  is 
regulated  by  the  State  Department  of  Health.)  Currently  there  are  no  such 
designated  areas. 

--certification  of  compliance  with  water  quality  standards  under  §  401  (§ 

62.1- 44.1  5(1  ),  (5)) 

--Administration  and  enforcement  of  the  NPDES  permit  program  under  §  402 
(§  62.1-44.1  5(5),  .16,  .17,  .18,  .18.1  ,  .18.2,  .19,  .20,  .21  ,  .23,  .31  , 
.32).  This  includes  issuance  of  permits  that  include  technology  or  water 
quality-based  effluent  limitations  derived  pursuant  to  §  301,  new  source 
standards  under  §  306,  toxic  effluent  limits  and  pretreatment  standards  under 
§  307,  and  monitoring  and  reporting  in  conformance  with  §  308.  The  Board  has 
primary  enforcement  authority  over  all  NPDES  permits  issued  in  the  state,  but 
the  EPA  Administrator  can  enforce  Board-issued  NPDES  permits  under  §  309  and 
citizens  can  enforce  NPDES  permits  and  401  Certifications  under  §  505.  The 
Board's  permit-issuing  authority  is  broader  than  EPA's  in  certain  respects: 
1)  under  the  SWCL,  the  Board  can  require  a  permit  of  a  potential  discharger  (§ 

62.1- 44.16, .1 7) .  This  authority  forms  that  basis  of  the  Board's  No-Discharge 
Certificate  program,  by  which  owners  of  certain  facilities  (primarily 
concentrated  animal  feeding  operations)  may  be  required  to  construct  and 
maintain  facilities  to  prevent  discharges:  2)  Section  62.1-44.18.1  authorizes 
the  Board  to  require  permits  for  or  to  prohibit  discharges  into  any  sewage 
treatment  works. 

Supervision  of  sewage  treatment  and  disposal,  (i.e.,  human  wastes) 
involving  discharge  to  state  waters  is  the  joint  responsibility  of  the  Board 
and  the  Health  Department,  although  the  discharge  permits  are  issued  by  the 
Board  under  the  NPDES.  The  Health  Department  is  responsible  for  regulation  of 
on-land  sewage  disposal  (primarily  septic  tanks),  except  that  the  Board 
regulates  land  application  of  sewage  sludge  by  way  of  no-discharge 
certificates. 

The  Board  is  required  by  the  SWCL  and  the  Virginia  Administrative  Process 
Act,  (§  9-6.14:1  ^  seq.  of  the  Code)  as  well  as  by  the  federal  NPDES 
regulations,  to  provide~Tor  public  participation  in  the  administration  of  many 
of  the  foregoing  programs.  When  issuing  certificates  or  adopting  regulations 
or  standards,  the  Board  must  give  public  notice  and  may  be  required  to  hold  a 
hearing.  Information  in  the  Board's  possession  is,  with  some  exceptions,  open 
to  the  public  under  the  Virginia  Freedom  of  Information  Act  (§  2.1-340  et  seq. 
of  the  Code) . 

Rivers  and  Harbors  Appropri ation  Act  of  1899  (33  U.S.C.  §  401  et  seq.) 

Secti on  9  Prohibits  construction  of  any  bridge,  dam,  dike  or  causeway 
over  any  navigable  water  (In  this  statue,  unlike  CWA,  "navigable"  means 
navigable  in  fact . ) ,  without  consent  of  Congress  (State  legislature  where 
waters  located  entirely  in  one  state)  and  approval  of  Chief  of  Engineers  and 
Secretary  of  Army  (dams  and  dikes)  or  Commandant  of  Coast  Guard  (bridges  and 
causeways) . 

Section  10  Requires  Corps  of  Engineers  permit  for  construction  of  any 
wharf,  pier,  bulkhead,  dolphin,  jetty  or  other  structure  in  the  navigable 
waters,  or  to  alter  or  obstruct  any  navigable  water. 

Permits  issued  under  the  Rivers  and  Harbors  Act  are  subject  to  NEPA 
review  and  state  certification  under  §  401  (see  also  discussion  of  CWA  §  404). 
Marine  Resources  Commission  Permits 

Section  62.1-3  of  the  Code  of  Virginia  requires  statutory  authority  or  a 
permit  from  the  Marine  Resources  Commission  (MRC)  to  build,  dump,  remove 
materials  from  or  otherwise  encroach  upon  state-owned  subaqueous  lands  (beds 
or  bottoms).  Failure  to  comply  is  a  misdemeanor.  With  respect  to  the  James, 
this  jurisdiction  extends  shoreward  to  the  mean  low  water  mark. 

Wetlands  Act  (§  62.1-13  of  the  Code  of  the  Virginia) 

Requires  persons  using  or  developing  wetlands  (defined  at  §  62.1-13.2  as 
lands  up  to  the  level  of  1.5  times  mean  tide  range  above  low  water,  upon  which 
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are  growing  specific  types  of  vegetation),  with  certain  exceptions  such  as 
non-commercial  recreational  agriculture  and  shellfish  cultivation,  to  obtain  a 
permit  from  the  local  wetlands  board  or,  where  there  is  no  local  wetlands 
ordinance,  from  the  MRC .  Violation  of  the  Act  is  a  misdemeanor,  and  may  be 
restrained  by  injunction.  This  applies  to  numerous  activities  that  physically 
encroach  on  wetlands  adjoining  the  James  and  its  tributaries  below  tidewater, 
and  requires  that  wetlands  of  primary  ecological  significance  not  be 
damaged.  (§  404  permits  may  also  be  required). 

Resource  Conservation  and  Recovery  Act  (42  U.S.C.  §  6901  et  seq.) 

Ordinarily  referred  to  as  "RCRA",  this  Act,  in  addition  to  its  provisions 
designed  to  improve  management  of  solid  wastes,  encourage  recycling  and 
recovery  and  eliminate  open  dumps,  contains  extensive  requirements  (primarily 
in  Subtitle  "C")  concerning  the  management  and  disposal  of  hazardous  wastes. 
"Hazardous  wastes"  are  defined  as  solid  wastes  or  combinations  of  solid  wastes 
which,  because  of  their  concentration,  quantity  or  characteristics  may  cause 
or  contribute  to  an  increase  in  mortality  or  serious  illness  or  pose  a 
substantial  threat  to  human  health  or  the  environment  when  improperly  handled 
or  disposed  of.  ("Solid  wastes"  can  include,  with  certain  important 
exceptions,  any  discarded  waste,  whether  in  solid,  semi -solid,  liquid  or 
contained  gaseous  form,  resulting  from  industrial,  commercial,  mining, 
agricultural  and  municipal  activities.)  Regulations  adopted  by  ERA  and  by  the 
Virginia  Department  of  Health  designate  as  "hazardous"  those  solid  wastes 
listed  in  the  regulations  as  that  have  one  or  more  of  the  characteristics  of 
ignitability,  corrosivity,  reactivity  or  toxicity. 

Subtitle  "C"  imposes  a  so-called  "c radl e-to-grave"  system  to  ensure 
proper  handling  of  hazardous  waste  from  generation  to  final  disposition.  The 
ERA  Administrator  has  promulgated  regulations  for  identifying  hazardous  wastes 
subject  to  regulation,  imposing  record  keeping,  labeling,  management  and  other 
operating  standards  on  hazardous  waste  generators,  transporters  and  owners  and 
operators  of  hazardous  waste  treatment,  storage  and  disposal  facilities,  and 
specifying  certain  financial  responsibility  requirements  to  ensure  proper 
closure  and  maintenance  of  facilities.  A  key  to  the  "cradl e-to-grave"  program 
is  the  manifest  system,  which  requires  that  a  manifest  form,  prepared  by  the 
generator,  accompany  any  regulated  waste  from  the  generator  to  the  place  of 
final  disposition.  The  manifest  contains  the  name  and  address  of  the 
generator,  authorized  transporters,  a  description  of  the  waste  and  the 
designated  receiving  facility.  When  the  waste  arrives  at  the  disposal 
facility,  the  manifest  must  be  signed  and  a  copy  returned  to  the  generator. 
The  generator  must  notify  ERA  if  it  does  not  receive  a  copy. 

RCRA  also  requires  owners  and  operators  of  treatment,  storage  and 
disposal  facilities,  and  generators  who  treat,  store  or  dispose  of  their 
wastes  onsite,  to  have  valid  permits  from  ERA  or  from  the  state  if  the  state 
is  authorized  to  administer  the  program.  The  permit  conditions  and 
requirements  are  based  on  extensive  regulations  promulgated  by  ERA  and  the 
Department  of  Health. 

RCRA  provides  for  State  takeover  of  the  hazardous  waste  regulation  and 
permit  program,  similar  to  the  NRDES  program  under  the  Clean  Water  Act.  (§ 
3006;  41  U.S.C.  6926).  The  Virginia  Department  of  Health  assumed 

responsibility  for  the  program  in  December,  1984. 

The  State  has  received  final  authorization  from  ERA  to  administer  the 
hazardous  waste  program  in  Virginia  effective  at  1:00  p.m.  on  December  18, 
1984.  Virginia  49  Fed.  Reg.  47391  (December  4,  1984) 

RCRA  permits  are  enforceable  by  ERA,  by  states  administering  the  program, 
and  by  citizen  suit.  (§  7002;  42  U.S.C.  6972)  The  Act  imposes  substantial 
and  civil  and  criminal  penalties  for  violations. 

Section  7003  (72  U.S.C.  S6973)  provides  for  emergency  action  by  the  ERA 
Administrator  in  federal  court  to  restrain  any  hazardous  waste  activity  posing 
an  "imminent  and  substantial  danger  to  health  or  the  environment."  Rrivate 
citizens  may  also  bring  such  actions,  under  amendments  adopted  in  1984. 

With  respect  to  the  James,  an  important  industrial  and  population 
corridor,  proper  hazardous  waste  management  will  be  essential  to  the 
protection  of  the  river.  At  the  present  time,  no  "off-site"  disposal 
facilities  are  authorized  in  Virginia,  with  one  exception.  Industries  along 
the  James  and  its  tributaries  dispose  of  their  hazardous  wastes  "on-site"  or 
ship  them  out  of  state.  Recent  changes  in  the  law  have  increased  the  number 
of  generators  subject  to  regulation,  and  are  expected  to  decrease  disposal 
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capacity.  This  will  present  significant  waste  management  problems  in  Virginia 
and  elsewhere. 

On  November  8,  1984  President  Reagan  signed  into  law  the  Haza rdous _ and 
Solid  Waste  Amendment  of  1984  which  comprehensively  amended  and  reauthorized 
RCLA.  P.L.  98-616  Because  these  amendments  are  touted  as  "a  dramatic 
overhaul  of  the  way  America  manages  its  hazardous  wastes",  a  detailed 
exploration  of  the  Amendments  is  beyond  the  scope  of  this  article.  By 
reducing  the  amount  of  waste  from  1000  kgs  per  month  to  100  kgs  per  month 
necessary  to  qualify  for  the  small  quantity  generator  exemption.  Congress  has 
increased  the  number  of  hazardous  waste  generators  to  be  regulated  by  130,000 
and  the  volume  of  hazardous  waste  by  15  million  metric  tons.  Except  under 
very  strict  and  limited  conditions  land  disposal  of  most  hazardous  waste  is 
prohibited.  The  burning  of  fuel  oil  containing  hazardous  waste  or  used  oil 
and  underground  storage  tanks  are  subjects  of  two  new  regulatory  programs. 
Finally,  EPA  has  been  given  the  power  to  require  corrective  action  as  part  of 
its  permitting  authority. 

State  Solid  Waste  Management 

Municipal  and  other  ^on-hazardous"  solid  waste  can  be  a  significant 
contributor  to  water  quality  problems  if  not  disposed  of  properly.  The  Board 
of  Health,  under  §  32.1-177-186  of  the  Code,  exercises  general  supervision 
over  solid  waste  disposal,  provides  technical  and  other  assistance  to 
localities,  facilitates  regional  management  of  solid  wastes  and  conducts  other 
activities  to  ensure  proper  solid  waste  management  and  disposal.  Sanitary 
landfills  and  other  solid  waste  disposal  facilities  may  not  be  operated 
without  a  permit  from  the  Health  Department.  Permits  include  provisions  to 
ensure  operation  in  accordance  with  Health  Department  regulations.  Permits 
may  be  revoked  if  the  facility  is  operated  in  such  a  manner  as  to  violate  the 
law  or  pose  a  substantial  threat  to  health  or  the  environment.  Open  dumps  are 
prohibited.  Owners  of  abandoned  facilities  may  be  held  financially 
responsible  for  cleanup  or  remedial  measures. 

Toxic  Substances  Control  Act  (15  U.S.C.  SS2601  et  seq.) 

TSCA  is  administered  at  the  federal  level  only,  although  States  are  not, 
for  the  most  part,  preempted  from  imposing  their  own  requirements.  It 
requires  persons  proposing  to  manufacture  new  chemicals  or  existing  chemicals 
for  a  significant  new  use  (determined  from  an  inventory  published  by  EPA),  to 
give  EPA  90  days  prior  notice  including  the  name  and  characteristics  of  the 
chemical,  proposed  use,  amount  to  be  manufactured,  byproducts,  and  available 
test  data  relating  to  health  and  environmental  effects.  The  Administrator  may 
suspend  manufacture  pending  development  of  additional  data.  He  may  prohibit 
or  strictly  limit  the  manufacture,  processing,  distribution,  use  or  dispose  of 
any  chemical  or  substance  if  he  determines  that  these  activities  will  present 
an  unreasonable  risk  of  injury  to  health  or  the  environment.  Other 
requirements  imposed  on  manufacturers  include  disclosure  of  known  adverse 
health  or  environmental  effects  and  employee  health  data. 

The  Act  specifically  requires  the  regulation  of  polychlorinated  biphenyls 
(PCB's)  and  prohibited  their  production  or  distribution  in  commerce  after 
1979.  (15  U.S.C.  §  2065) 

TSCA  has  a  citizen  suit  provision  similar  to  those  mentioned  previously 
(15  U.S.C.  §  2619).  Public  access  to  information  is  in  practice  substantially 
restricted  by  claims  of  confidentiality.  TCSA's  impact  in  protecting  the 
James  derives  primarily  from  the  ability  to  impose  special  controls  and 
restrictions  on  chemicals  that  are  shown  to  be  dangerous,  and  from  its  ban  on 
PCB'S. 

Federal  Environmental  Pesticide  Control  Act  (7  U.S.C.  136,  et  seq.) 

Requires  registration  of  pesticides  and  prohibits  sale,  disposal  or  use 
except  in  accordance  with  registered  label.  Provides  for  prohibitions  or 
restrictions  on  the  use  of  certain  pesticides  shown  to  pose  unreasonable 
environmental  health  risks. 

Ports  and  Waterways  Safety  Act  (33  U.S.C.  §§  1221,  et  seq.) 

Requires  U.S.  Coast  Guard  to  establish  rules  and  regulations  to  prevent 
or  mitigate  environmental  damage  from  vessels  carrying  flammable  or 
combustible  cargo,  oil,  or  hazardous  substances.  Regulations  include  vessel 
design,  construction,  maintenance  and  operation  requirements.  Other  statutes, 
including  18  U.S.C.  §  831  et  seq.,  46  U.S.C.  §  170  and  49  U.S.C.  §§  180  ^ 
seq.  (Hazardous  Materials  Transportation  Act)  govern  the  transport  of 
hazardous  materials  by  land  and/or  water. 
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Atomi  c  Energy  Act  (41  U.S.C.  §§  2011  et  seq. ) 

Establishes  regulatory  framework  under  federal  Nuclear  Regulatory 
Commission,  for  all  activities  and  uses  involving  radioactive  materials. 
States  may  enter  into  agreements  with  NRC  to  regulate  many  aspects  of  nuclear 
materials,  but  Virginia  has  not  done  so.  The  Health  Department  has  statutory 
authority  to  enter  into  such  an  agreement  and  to  regulate  nuclear  materials 
and  radioactive  waste  disposal  assuming  it  complies  with  the  requirements  of 
the  AEA.  However,  it  has  not  entered  into  such  an  agreement.  (§§  32.1-227  et 
seq.) 

Comprehensive  Environmental  Response,  Compensation,  and  Liability  Act  of  1980 
("Superfund,"  42  U.S.C.  §§  9601-9757) . 

Establishes  liability  for  releases  of  hazardous  substances  to  the 
environment,  including  liability  for  damage  to  natural  resources.  Greater  a 
2.2  billion  dollar  fund,  for  cleanup  of  hazardous  waste  sites.  The  major 
Superfund  site  in  the  James  River  watershed  is  the  U.S.  Titanium  site  at  Piney 
Ri  ve  r. 
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Effects  of  Systemic  Insecticides  in  Reduction  of  Peanut 
Stunt  Virus  Infection  Through  Vector  Control 

J.  C.  Smith  and  T.  W.  Culp* 

ABSTRACT 

Granular  insecticides,  aldicarb,  carbofuran,  phorate,  and 
disulfoton,  when  placed  in  the  furrow  at  planting,  reduced  the 
incidence  of  the  cowpea  aphid.  Aphis  craccivo.ra  Koch,  on  pea¬ 
nuts.  Aphid  reproduction  on  plants  in  untreated  plots  was 
approximately  3  to  4  times  that  on  plants  in  treated  plots.  The 
disulfoton  treatment  was  slightly  superior  to  the  other  systemic 
insecticides  in  controlling  aphids  and  preventing  reproduction. 
Although  development  of  peanut  stunt  virus  (PSV)  infection  was 
less  in  all'  treated  plots  than  in  untreated  plots,  and  peanut 
yields  were  slightly  higher  for  the  aldicarb,  carbofuran  and 
disulfoton  plots,  differences  were  not  significant  at  the  5% 
level  of  probability. 


INTRODUCTION 

Peanut  stunt  disease  caused  by  peanut  stunt  virus  (PSV)  was 
first  described  by  Cooper  (1),  and  Miller  and  Troutman  (4).  Culp 
and  Troutman  (2)  have  shown  that  the  disease  can  drastically 
reduce  the  yield  and  quality  of  peanuts,  Arachis  hypogaea  L.  The 
primary  means  of  dissemination  of  the  virus  is  attributed  to 
aphids,  although  PSV  can  be  easily  transmitted  mechanically 
(Miller  and  Troutman  (4)),  and  is  transmitted  at  a  low  level  via 
seed  (Troutman  et  al.,  (5)).  Hebert  (3)  reported  that  the  virus 
was  transmitted  in  a  non-persistent  manner  by  the  cowpea  aphid. 
Aphis  cracci vora  Koch,  the  green  peach  aphid,  Myzus  persicae 
(Sulzer),  and  the  spirea  aphid,  Aphis  spiraecola  Patch.  He 
repeatedly  isolated  PSV  from  white  clover.  Trifolium  repens  L.  , 
near  infected  peanut  fields  and  found  that  the  cowpea  aphid  was 
the  predominant  aphid  on  peanuts  and  white  clover  in  North 
Carolina . 

Experiments  were  conducted  to  determine  the  effect  of  vector 
control  by  systemic  insecticides  on  the  incidence  of  peanut  stunt 
disease,  and  the  results  are  reported  herein. 

MATERIALS  AND  METHODS 

The  test  site,  located  in  Sussex  County,  VA,  had  a  history 
of  peanut  stunt  disease  (Culp  and  Troutman  (2)),  and  was  near  a 
permanent  pasture  containing  white  clover,  an  alternate  host  of 
PSV.  Seedbed  preparation,  herbicides,  planting  and  fungicide 
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application  procedures  recommended  for  Virginia-type  peanuts  were 
followed.  Plots  were  3.7m  (4  rows)  wide  and  6.1m  long  and  were 
arranged  in  a  randomized  complete  block  with  4  replications  and 
1.5m  alleys  between  replicates.  Predetermined  random  rows  were 
opened  and  10%  granular  insecticides  were  placed  in  the  furrow 
with  a  Gandy  Mod.  901-12  granular  applicator  calibrated  to 
deliver  1.12  kg/ha  active  ingredient.  Treatments  were  aldicarb, 
carbofuran,  phorate  and  disulfoton.^  A  rotary-type  garden  tiller 
was  used  to  incorporate  the  insecticides  in  the  treated  rows. 
The  PSV-susceptible  cultivar  'Virginia  61R"  was  planted  on  May  25 
in  the  treated  and  untreated  plots  immediately  following  roto- 
til ling . 

Ten  plants,  randomly  selected  from  the  2  center  rows  of  each 
plot,  were  examined  biweekly  from  June  9  to  August  14  for 
aphids.  Successful  colonizations  by  the  aphids  were  recorded. 

Aphid  infestation  was  determined  visually  by  carefully 
examining  10  randomly  selected  plants  in  each  of  the  center 
rows.  When  immature  aphids  were  observed,  reproduction  was 
recorded.  While  examining  the  2  center  rows  of  each  plot  for 
aphids,  the  number  of  plants  with  visible  symptoms  of  PSV  was 
noted.  Late-season  infections  of  PSV  were  characterized  by 
stunted  growth  and  chlorosis  in  the  leaves  of  infected  limbs. 
Peanuts  were  mechanically  picked  on  November  17,  and  weight  and 
grade  data  were  determined  for  each  treatment  using  standard 
procedures . 

RESULTS  AND  DISCUSSION 

All  systemic  insecticides  reduced  the  incidence  of  cowpea 
aphids  as  indicated  by  the  number  of  plants  infested  with  cowpea 
aphids  (Table  1).  Disulfoton  was  very  effective  in  that  no 
infested  plants  were  found  until  June  27  and  only  on  July  20  were 
more  than  2  infested  plants  detected.  All  systemics  provided 
comparable  aphid  control ,  with  the  exception  that  carbofuran  was 
less  effective  on  June  16,  aldicarb  was  less  effective  on  July 
10,  and  phorate  was  less  effective  on  July  28.  Disulfoton  was 
the  most  consistently  effective  systemic,  however,  in  that  it 
provided  significantly  better  aphid  control  on  6  of  the  11 
sampling  dates,  while  aldicarb,  phorate  and  carbofuran  provided 
significantly  better  aphid  control  on  4 ,  4  and  3  sampling  dates, 
respectively.  No  aphids  were  found  in  any  of  the  sampled  plots 
on  July  17,  probably  as  a  result  of  heavy  rains  within  24  hours 
prior  to  the  survey  which  apparently  washed  the  aphids  from  the 
plants.  For  the  test  period  as  a  whole,  infestation  was  reduced 
64%  by  carbofuran,  66%  by  phorate,  75%  by  aldicarb  and  88%  by 
disulfoton . 

Reproduction  of  aphids  on  plants  in  untreated  plots  was 
approximately  3  to  4  times  that  on  plants  in  treated  plots  (Table 
2).  The  disulfoton  treatment  was  slightly  superior  to  the  other 
systemic  insecticides  in  reducing  aphid  reproduction.  The  cowpea 
aphid,  ^  craccivora ,  was  the  only  species  found  colonizing  the 
plants.  Only  an  occasional  pea  aphid,  Acyrthosiphon  pi  sum 
(Harris)  was  found  in  the  plots,  but  no  reproduction  by  this 
species  was  noted. 

The  insecticide  treatments  numerically  decreased  the 
percentage  of  plants  infected  with  PSV  (Table  2)  by  about  50%  and 
25%  when  surveyed  on  August  15  and  September  18,  respectively, 
although  the  reduction  was  not  statistically  significant.  A 
large  increase  (about  4X)  in  percent  of  infected  plants  was  noted 
between  the  first  and  the  second  survey  for  PSV-infected  plants. 
These  results  indicated  that  chemical  effectiveness  may  have 
declined.  In  general,  systemic  insecticides  are  effective  in 
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controlling  insects  for  ca.  6  weeks.  Thus,  the  systemics  used  in 
this  study  reduced  early  season  aphid  populations,  but  were 
unable  to  prevent  PSV  spread  during  the  latter  portion  of  the 
growing  season. 

No  definite  relationship  was  found  between  the  percent  of 
the  virus-infected  plants  per  treatment  and  pod  yield.  Yields 
for  all  treatments  were  statistically  comparable.  However, 
phorate-treated  and  control  plots  had  the  highest  percentage  of 
virus-infected  plants  on  both  survey  dates  and  subsequently 
produced  the  lowest  yields  of  ca.  1641  kg  peanuts/ha.  Con¬ 
versely,  car bof uran-treated  plots  had  the  lowest  percentage  of 
virus-infected  plants  on  both  dates  and  produced  the  highest 
peanut  yield  of  2240  kg/ha. 

Considerable  tobacco  thrips,  Frankl inie 1 1  a  f usca  (Hinds), 
injury  occurred  on  untreated  plots  early  in  season.  All  chemical 
treatments  provided  apparent  equivalent  tobacco  thrips  control, 
and  early-season  plant  appearance  was  superior  to  untreated 
plants.  At  harvest  no  differences  in  plant  appearance  due  to 
early  thrips  injury  could  be  detected.  A  single  1.12  kg/ha 
(active  ingredient)  application  of  5%  carbaryl  dust  was  applied 
for  thrips  control  on  all  plots  on  July  10. 

Differences  in  the  percentage  of  PSV-infected  plants  were 
not  dramatic  between  treated  and  control  plots  (Table  2). 
However,  increases  in  pod  yield  over  the  control  for  the  aldi- 
carb,  carbofuran,  and  disulfoton  treatments  were  426,  594, 
and  134  kg/ha,  respectively,  would  be  important  to  a  grower. 

CONCLUSIONS 

In  conclusion,  all  systemic  insecticides  tested  provided 
good  early  season  aphid  control  and  inhibited  aphid  reproduction 
in  comparison  to  the  untreated  control.  Disulfoton  was  the  most 
consistently  effective  of  the  4  systemics  evaluated.  Early 
season  aphid  control,  however,  did  not  prevent  late-season 
infection  of  PSV  in  peanuts,  and  yields  for  all  treatments  were 
statistically  comparable.  Mid-  to  late  season  application  of 
systemic  insecticide  may  be  needed  to  provide  full  season  control 
of  PSV  vectors. 
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Table  2.  Peanut  stunt  virus  (PSV)  infection  in  peanut  plants,  and 


reproduction  of  cowpea  aphids  as  affected  by  systemic 
insecticide  treatments.  Sussex  County,  VA. 


No.  plots  ®  ^ 

Average  %  Virus 

Pod 

Treatment- 

Rate 

with 

Infected  plants^  ^ 

yield 

Formul ation 

Kg  Al/ha 

reproduction 

8/15/67 

9/18/67 

(kg/ha)^ 

Aldicarb  lOG 

1 .12 

10  a 

15  a 

62  a 

2072  a 

Carbofuran  lOG 

1.12 

11  a 

11  a 

57  a 

2240  a 

Phorate  lOG 

1.12 

12  a 

17  a 

73  a 

1635  a 

Disulfoton  lOG 

1.12 

7  a 

14  a 

59  a 

1780  a 

Control 

- 

32  b 

26  a 

78  a 

1646  a 

^  40  Plots  observed  per  treatment. 
^  Average  of  4  replications. 


^  Means  followed  by  the  same  letter  are  not  significantly  different  at 
the  5%  level  (Duncan  1955). 
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News  and  Notes 


Dr.  William  S.  Woolcott  is  serving  as  an  Environmental  Consultant 
for  the  Virginia  Electric  and  Power  Company  at  the  Lake  Anna  power 

station. 

Dr.  W.  John  Hayden  (and  Dr.  Miles  F.  Johnson  of  Virginia  Commonwealth 
University)  received  a  grant  from  the  National  Park  Service  for  a 
flora  study  of  Richmond  National  Battlefield  Park. 

Janet  Nolin  has  received  a  renewal  of  her  NIH  grant  to  continue  the 
study  of  Regulatory  Cell  Biology  of  Prolactin  Targets. 

Dr.  Joseph  C.  Mitchell  (and  George  R.  Zug  of  the  Smithsonian  Institution) 
received  a  grant  from  the  Smithsonian  Institution  to  conduct  ecological 
research  in  the  Royal  Chitawan  National  park  in  Nepal  during  April 
and  May  1985. 

Dr.  Charles  R.  Werth  is  serving  as  Visiting  Associate  Professor  during 
the  spring  1985  semester  and  is  teaching  genetics  and  introductory 
biology.  He  is  continuing  his  research  dealing  with  the  Appalachian 
Asplenium  complex. 

Dr.  John  Bishop  is  doing  research  at  the  University  of  Washington 
on  the  West  Coast  while  on  sabbatical  leave  during  the  spring  semester. 

Dr.  David  W.  Towle  has  extended  his  sabbatical  leave  into  a  second 
semester  and  is  continuing  his  research  dealing  with  sodium  transport 
in  crustacean  gills  at  the  Duke  University  Marine  Laboratory. 
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Necrology 

IN  MEMORIAM 

Robert  D.  Ross 
(1910-1983) 


ROBERT  0.  ROSS,  Professor  Emeritus  of  Zoology  at  Virginia  Polytechnic 
Institute  and  State  University,  died  on  November  27,  1983  after  a  short 
illness.  He  had  been  a  member  of  the  Virginia  Tech  Faculty  from  1951  until 
his  retirement  in  1978.  Professor  Ross  was  well  known  for  his  work  on 
Southern  Appalachian  fishes.  Among  his  many  contributions  to  the  field  of 
ichthyology  were  his  studies  on  the  relationship  of  systematics  to  the 
geographic  distribution  of  fishes.  This  research  resolved  many  questions 
dealing  with  the  evolution  of  river  drainage  patterns  in  the  region. 

Professor  Ross  was  well  known  for  his  interesting  and  stimulating  courses 
in  advanced  zoology  subjects.  His  vertebrate  natural  history  course  was 
eagerly  sought  by  senior  students  planning  to  become  professional 
biologists.  The  excellent  reputation  of  his  course  in  systematics,  evolution, 
and  biogeographic  distribution  drew  many  beginning  graduate  students  who 
wanted  a  sound  background  in  the  fundamentals  of  these  disciplines. 

During  his  tenure  at  Virginia  Tech  he  served  his  department,  college  and 
profession  well.  One  noteworthy  activity  was  his  editorship  of  the  Virginia 
Journal  of  Science,  a  post  he  held  from  1960  to  1961.  He  developed  a  national 
reputation  for  the  university  through  the  many  hours  he  devoted  to  building  a 
collection  of  Southern  Appalachian  fishes. 

Professor  Ross  was  reared  in  China  by  missionary  parents.  Later  he 
attended  Cornell  University  where  he  received  a  Ph.D.  in  1951.  He  came  to 

Virginia  Tech  the  same  year.  At  Cornell  he  met  his  wife,  the  former 

Mary  M.  Harvey,  who  survives  him  along  with  three  children,  Mary  Jane, 

Robert  Douglas,  and  Nancy  Lee. 

For  the  many  colleagues  and  students  who  knew  him  well,  he  will  be 

remembered  as  a  person  of  humor,  quick  wit,  and  vast  scholarly  ability. 
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Implementing  an  Isozyme  Laboratory 
at  a  Field  Station 

Charles  R.  Werth 

Mountain  Lake  Biological  Station 
University  of  Virginia 
Route  1,  Pembroke,  Virginia  24136 

ABSTRACT 

The  implementation  at  a  field  station  of  a  facility  for  carrying  out 
electrophoretic  studies  on  natural  populations  is  described.  Suggestions  for 
establishment  and  operation  of  the  laboratory  and  a  complete  list  of  necessary 
items  are  provided.  Detailed  protocols  and  recipes  for  electrophoresis  and 
enzyme  staining  are  also  provided  in  appendices. 

INTRODUCTION 

Many  questions  and  hypotheses  of  interest  to  field  biologists  studying 
natural  populations  are  of  a  genetic  nature  or  have  genetic  overtones.  Inci¬ 
pient  speciation,  gene  flow  and  dispersal,  population  size,  interspecific 
hybridization,  polyploidy,  mate  selection,  sperm  precedence,  and  agonistic 
behavior  are  all  examples  of  issues  which  raise  hypotheses  regarding  genetic 
variability  or  genetic  relatedness.  Testing  these  hypotheses  requires  data  on 
alleles  at  specific  gene  loci.  For  most  wild  species,  such  information  is 
most  readily  available  through  the  isozyme  technique,  whereby  alleles  at 
enzyme  loci  (allozymes)  are  detected  electrophoretically  (see  Ferguson,  1981; 
Harris  and  Hopkinson,  1976;  and  Shields  et  al.,  1983  for  a  detailed 
description  of  this  technique  and  its  application). 

Facilities  for  carrying  out  isozyme  studies  are  typically  housed  at 
college  and  university  campuses;  customarily  live  or  frozen  organisms  are 
transported  from  the  field  for  later  extraction  and  electrophoresis.  However, 
the  establishment  of  suitable  facilities  at  a  summer  field  station  is 
eminently  feasible  as  described  below.  Isozyme  studies  using  starch  gel 
electrophoresis  have  been  an  important  component  of  the  research  efforts  over 
the  last  three  summers  at  the  Mountain  Lake  Biological  Station.  Being  able  to 
process  organisms  in  situ  has  a  number  of  obvious  advantages:  the  often 
formidable  task  of  caring  for  live  organisms  is  reduced  or  eliminated, 
allowing  much  greater  productivity  for  time  expended;  the  sampling  strategy 
can  be  developed  or  modified  based  on  preliminary  data;  and  a  host  of  opportu¬ 
nities  for  monitoring  genetic  events  in  natural  populations  becomes  accessible. 

Allozyme  research  has  been  carried  out  at  the  Station  on  a  wide  variety  of 
organisms.  Ongoing  studies  include  the  following:  sperm  precedence  in  milk¬ 
weed  beetles  Tetraopes  tetraopthalmus,  (David  McCauley,  Vanderbilt  Univer¬ 
sity),  breeding  behavior  and  population  genetic  architecture  of  fly  poison 
Amianthium  muscaetoxicum,  (Joe  Travis,  Florida  State  University;  Mary  Palmer, 
Mountain  Lake  Biological  Station),  population  structure  and  reticulate  evolu¬ 
tion  in  the  fern  genera  Asplenium  and  Dryopteris,  (Charles  Werth,  Mountain 
Lake  Biological  Station),  and  the  behavioral  ecology  and  social  biology  of  two 
small  mammal  species  Peromyscus  leucopus  and  P.  maniculatus,  (Jerry  Wolff, 
University  of  Virginia;  Ramone  Baccus,  Mountain  Lake  Biological  Station). 

The  teaching  opportunities  afforded  by  the  isozyme  lab  are  also  exciting. 

A  methods  course  in  allozyme  techniques  has  been  taught  each  summer  by  the 
author.  This  course  introduces  students  to  the  application  of  the  technique 
to  field  studies  through  hands-on  experience.  Considerable  emphasis  is  placed 
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on  interpretation  of  banding  patterns  and  on  data  analysis.  Some  students 
have  used  their  newly  acquired  skills  for  thesis  research  or  for  class 
projects. 


EQUIPPING  AN  ISOZYME  LABORATORY 

The  following  suggestions  and  supplies  lists  (Table  1),  are  based  on 
experience  at  Mountain  Lake  and  are  provided  for  anyone  interested  in 
establishing  a  similar  facility  at  a  field  station  or  other  institution.  The 
entire  operation  can  be  housed  in  a  modest-sized  laboratory  (the  Mountain  Lake 
isozyme  laboratory  is  approximately  400  square  feet).  Adequate  bench  space  is 
required  for  carrying  out  the  various  operations  (see  Appendix  II) ,  and 
shelves  and  a  refrigerator  (with  a  freezing  compartment)  are  required  for 
storing  chemicals.  Only  a  limited  number  of  specialized  equipment  items  are 
absolutely  essential.  These  are  power  packs,  electrode  trays,  gel  molds  and 
staining  trays.  Abundant  distilled  water  must  be  available  (once  distilled  is 
satisfactory  unless  it  is  high  in  impurities,  in  which  case  double  distilled 
should  be  used);  a  hood  is  desirable;  and  a  gas  line  for  a  Bunsen  burner  and  a 
vacuum  line  (for  evacuating  gels)  are  needed.  A  faucet  aspirator  provides 
sufficient  vacuum  if  the  water  pressure  is  high  enough.  If  it  is  not,  a  hand- 
operated  or  motor-driven  vacuum  pump  must  be  obtained.  Ice  is  also  needed  to 
cool  gels  while  running  (Fig.  7).  If  an  ice  machine  is  not  available,  ice  may 
be  frozen  in  pans  (2-3  are  needed  per  gel)  or  blue  ice  packs  may  be  placed  in 
pans  of  water.  Alternatively,  gels  may  be  run  in  a  refrigerator  or  dairy 
case,  the  latter  being  especially  convenient.  An  incubator  (37°  C)  is 
desirable  for  staining,  but  staining  may  be  accomplished  (more  slowly)  at  room 
temperature  in  drawers  to  exclude  light. 

Enzyme  extractions  of  plants  and  most  invertebrates  require  only  crude 
homogenates  which  may  be  prepared  in  spot  plates  using  glass  rods  or  the 
bottoms  of  test  tubes  as  pestels  (these  may  be  roughened  by  using  sand  when 
grinding  the  first  few  times).  However,  extraction  protocols  for  vertebrate 
tissues  routinely  call  for  centrifugation  in  a  high  speed  refrigerated  centri¬ 
fuge,  a  most  expensive  item.  If  one  is  not  available,  satisfactory  results 
can  often  be  obtained  using  a  table-top  centrifuge. 

After  the  laboratory  is  established,  the  major  operating  expense  is  for 
chemicals.  Some  chemicals,  such  as  NADP,  are  quite  expensive  and  the  budget 
required  may  be  substantial  depending  on  which  enzymes  are  assayed.  For  a 
given  organism,  an  initial  survey  of  variability  usually  is  carried  out  for  a 
large  number  of  enzymes.  Subsequent  studies  are  often  limited  to  examining 
polymorphic  loci  (depending  on  the  question  being  addressed).  A  fortunate 
researcher  may  find  polymorphisms  in  esterase,  acid  phosphatase,  and  leucine 
aminopeptidase,  bringing  the  cost  for  genotyping  one  organism  for  three  loci 
to  about  one  penny.  A  less  fortunate  soul  may  need  to  stain  for  6~phospho- 
gluconate  dehydrogenase,  shikimate  dehydrogenase  and  triosephosphate 
isomerase,  an  expense  of  about  25e$  per  organism. 

Taole  1  lists  everything  found  necessary  or  desirable  for  efficient  opera¬ 
tion  of  an  isozyme  laboratory.  The  quantities  recommended  will  allow  daily 
electrophoresis  of  four  gels.  This  number  can  be  doubled  if  two  identical 
gels  are  connected  in  parallel  to  a  single  power  pack;  this  will  require  an 
extra  pair  of  electrode  trays  per  power-pack.  Equipment  items  listed  in 
brackets  are  considered  luxury  items  whose  purchase  is  often  optional, 
although  for  certain  types  of  organisms  or  tissues  they  may  prove  essential. 
Recommended  amounts  of  chemicals  and  other  expendable  supplies  should  provide 
for  electrophoresis  and  staining  of  about  1000  organisms,  i.e.  50  "runs"  (3-4 
gels  each),  for  22  common  enzymes.  Recipes  for  electrophoresis  and  staining 
of  these  enzymes,  as  well  as  procedures  used  in  the  Mountain  Lake  laboratory 
appear  in  the  Appendices.  Additional  recipes  and  information  on  techniques 
may  oe  sought  from  the  various  references  appearing  in  the  literature  cited. 

When  consulting  a  catalog,  one  is  typically  confronted  with  a  bewildering 
choice  of  several  different  precisions,  qualities,  purities  or  grades  of 
equipment  items  or  chemicals.  To  assist  in  choosing,  specific  sources  and 
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catalog  numoers  for  the  least  expensive  suitable  item  I  am  aware  of  are  listed 
for  most  entries  in  Table  1.  These  should  not  be  interpreted  however  as 
endorsements  of  one  manufacturer's  item.  Sigma  Chemical  Company  has  served  as 
the  main  source  of  chemicals  for  this  laboratory,  and  so  Sigma  catalog  numbers 
are  provided  for  most  chemical  items. 

Considerable  savings  can  be  had  if  certain  items  (noted  in  Table  1)  are 
manufactured  rather  than  purchased  commercially.  Illustrations  and  directions 
for  making  these  are  provided  in  Figures  1-5.  Wide,  flat  sponges  (usually 
called  sponge  cloths)  suitable  as  electrode  wicks  can  be  purchased  in  most 
grocery  stores.  These  should  be  cellulose,  not  plastic.  The  latter  do  not 
absorb  sufficient  buffer  and  impede  electric  current. 

The  need  for  measured  pipettes  for  dispensing  liquids  can  be  virtually 
eliminated  by  using  calibrated  plastic  "disposable"  syringes  inserted  into 
rubber-capped  serum  bottles  via  needles,  or  (without  needles)  into  bottles 
capped  with  one-hole  stoppers.  Nonetheless,  recommended  sizes  of  pipettes  and 
associated  paraphernalia  are  listed  in  brackets  for  those  who  prefer  them. 
Dispensing  pipetters  are  convenient  for  measuring  out  stain  buffers  (assays  in 
Appendix  I  call  for  25  ml),  but  are  very  expensive.  I  have  found  that 
one-ounce  liquor  dispensers,  available  from  restaurant  or  bar  supply 
companies,  will  reliably  dispense  approximately  25  ml  with  sufficient  accuracy. 


TABLE  1.  Lquipment  and  Chemical  Items  Necessary  to  Equip  An  Isozyme  Laboratory 


[Items 

Item 

in  brackets  may  be  optional  - 

Source  and/or 

Catalog  No. 

see  text] 

Recommended 

Quantity 

1984 

Unit 

Price 

1984 

Total 

Price 

A.  Electrophoretic  equipment 

Power  supply  with  hookups 

Heathkit  SP-2717A 

4 

$240 

$960 

Electrode  trays 

(manufacture:  Fig  1) 

4  pr. 

$25/pr 

$100 

Sponges (  20  cm  square) 

grocery  store 

4  pr. 

$2/pr 

$8 

Gel  molds:  500  ml  cap. 

(manufacture:  Fig.  2) 

4 

$5 

$20 

Gel  molds:  400  ml  cap. 

(  "  "  ) 

4 

$5 

$20 

Aluminum  pans  -  approx. 

8"  X  10"  X  2  1/2" 

grocery  store 

4 

$4 

$16 

Gel  slicer 

(manufacture:  Figs.3&4) 

1 

$5 

$5 

B.  Major  Equipment 

Refrigerator  with  separate 

freezing  compartment 

1 

$500 

$500 

[Ultracold  freezer 

Revco  ULT  9100B 

1 

$5295 

$5295] 

Incubator  5.5  cu.ft.  cap. 

Blue  M  200  A 

1 

$595 

$595 

[Dairy  case 

1 

$1500 

$1500] 

pH  meter 

Orion  601A 

1 

$950 

$950 

iHomogenizer  motor  drive 

Con-Torque 

1 

$695 

$695] 

[Refrigerated  Centrifuge 

lEC  B-20A 

1 

$7800 

$7800] 

[36  place  Angle-rotor  for 

above 

lEC  831A 

1 

$660 

$660] 

Analytical  balance 

(to  .OOlg) 

Sartorius  1212MP 

1 

$1795 

$1795 

C.  Photography 

Single  lens  reflex  camera 

with  macro  lens 

1 

$300 

$300 

Copy  stand 

1 

$70 

$70 

Light  box 

(manufacture:  Fig.  5) 

1 

$20 

$20 

Ultraviolet  lamp. 

long  wave 

Ultraviolet  UVL  56 

1 

$70 

$70 
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D.  Other  Equipment 


Magnetic  stirrer/hot  plate 

Corning  PC  351 

1 

$199 

Bunsen  burner 

Fisher  03-902 

1 

$25 

Aspirator 

Nalge  6140 

1 

$5 

Hinged  plastic  stain  boxes 
(5"  X  7"  X  1  3/4") 

Ain  plastics 

50 

$2.90 

Heat  gloves 

Zetex 

2  pr. 

$27/pr. 

Kitchen  Timer 

grocery  store 

1 

$5 

Large  spatula 

Fisher  spoonula 

6 

$23/6 

Small  spatula 

Fisher  chemiscraper 

12 

$34/12 

Knife  +  olades 

X-acto 

1 

$8 

Forceps 

Thomas  (Miltex) 

3865  H15 

3 

$7 

Rubber  vacuum  hose 

Fisher  14-173C 

12  ft. 

$25/12' 

Dissecting  needles 

Fisher  08-965A 

12 

$2/12 

Flask  brushes 

Fisher  03-565 

2 

$4 

Oraduate  brushes 

Fisher  03-560 

2 

$5 

Porcelain  spot  plates 

Fisher  13-745 

6 

$33/6 

[Tissue  grinders 

Corning  7725 

4 

$101/4 

Desiccators 

Tape  dispenser 

Use  empty  jars, 
freezer  boxes  etc. 
Fisher  11-865-6 

1 

$26 

Liquor  dispensers,  1  oz. 

restaurant  supply 

6 

$6 

[Pipette  washer/dryer 

Fisher  15-350-15 

1 

$412 

[Pipette  pump 

Fisher  13-683-0 

2 

$15 

[Pipetter  2-10  ul 

Eppendorf 

1 

$160 

[Pipetter  10-100  yl 

Eppendorf 

1 

$160 

[Pipetter  100-1000  yl 

Eppendorf 

1 

$160 

[Pipetter  50  ml  capacity 

Repipet 

1 

$160 

Labware  (glass,  plastic,  etc.) 

Carboy  10  liter 

Nalge  2318 

2 

$33 

Carboy  4  liter 

Nalge  2318 

4 

$22 

Jugs  4  liter 

Nalge  2220 

6 

$48/6 

Bottles  2  liter 

Nalge  2202 

6 

$5 

Bottles  1  liter 

Nalge  2002 

12 

$9 

Bottles  500  ml 

Nalge  2002 

12 

$11/12 

Bottles  250  ml 

Nalge  2002 

12 

$8/12 

Bottles  125  ml 

Nalge  2002 

24 

$5/12 

Serum  bottles  50  ml 

Wheaton  400 

24 

$171/288 

Serum  bottle  stoppers 

Fisher  06-406-10B 

100 

$60/1000 

Lrlenmeyer  flasks  1  liter 

Corning  4980 

12 

$20/6 

Beakers  4  liter 

Corning  1000 

2 

$20 

Beakers  1.5  liter 

Corning  1000 

4 

$18/4 

Beakers  600  mi 

Corning  1000 

6 

$12/6 

Beakers  250  ml 

Corning  1000 

12 

$16/12 

Beakers  100  ml 

Corning  1000 

12 

$17/12 

beakers  50  ml 

Corning  1000 

12 

$16/12 

Beakers  30  ml 

Corning  1000 

12 

$16/12 

Test  tubes  (3  x  100  mm) 

Fisher  14-9580 

50 

$33/1000 

Cork  assortment 

Fisher  07-785 

1 

$22 

Graduate  2  liter 

Nalge  3663 

1 

$21 

Graduate  1  liter 

Nalge  3663 

1 

$12 

Graduate  500  ml 

Nalge  3663 

1 

$10 

Graduate  100  ml 

Nalge  3663 

2 

$6 

Graduate  50  ml 

Nalge  3663 

2 

$5 

Graduate  25  ml 

Nalge  3663 

2 

$5 

Graduate  10  ml 

Nalge  3663 

1 

$4 

[Pipettes,  glass  blowout  lOrnl 

Fisher  13-675M 

12 

$38/12 

[Pipettes,  glass  blowout  5  ml 

Fisher  13-675K 

12 

$33/12 

[Pipettes,  glass  blowout  1  ml 

Fisher  13-675G 

12 

$30/12 

Funnels,  160  mm  dia. 

Nalge  4250 

2 

$8/2 

Funnels,  65  mm  dia. 

Nalge  4250 

4 

$7/4 

Syringes  1  cc 

Plastipak  B-D  5625 

100 

$22/100 
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Syringes  3  cc 

Plastipak  B-U  5585 

100 

$11/100 

$11 

Syringes  5  cc 

Plastipak  B-D  5603 

100 

$10/100 

$10 

Needles  23  gauge,  25  mm  long 

Yale  B-0  5193 

100 

$10/100 

$10 

Needles  21  gauge,  25  mm  long 

Yale  B-D  5165 

100 

$10/100 

$10 

Wash  bottles  250  ml 

Fisher  03-409-22B 

6 

$9/6 

$9 

Expendable  Items 

Pasteur  pipettes 

Fisher  13-678-20A 

1  case 

$18 

$18 

Bulbs,  2  ml  capacity 

Fisher  14-065  B 

72 

$26/72 

$26 

[Pipette  tips  1-100  yl 

Fisher  21-375  D 

1000 

$42/1000 

$42] 

[Pipette  tips  lOl-lOOU  yl 

Fisher  21-375  E 

1000 

$43/1000 

$43] 

Saran  wrap 

grocery  store 

2  boxes 

$2 

$4 

Acetate  sheets  8  1/2"  x  11" 

office  supply 

10 

$.10 

$1 

Chromatography  paper 

20  X  20  cm  (for  wicks) 

Whatman  3MM 

1  pack 

$25 

$25 

Clear  plastic  drinking 
cups  (for  use  as  weigh 
boats) 

grocery  store 

1  pack 

$1 

$1 

Weigh  paper  7.6  x  7.6  cm 

Fisher  09-898-12A 

2  packs 

$6 

$12 

Parafilm  10  cm  x  38  m 

1  roll 

$11 

$11 

Aluminum  foil 

grocery  store 

1  roll 

$1 

$1 

Masking  tape 

hardware  store 

2  rolls 

$.50 

$1 

Plastic  gloves,  large 

Fisher  11-394-lB 

1  box 

$15 

$15 

Plastic  gloves,  small 

Fisher  11-394-lA 

1  box 

$15 

$15 

Film 

Kodak  Plus  X 

12  rolls 

$4 

$48 

Processing 

12  rolls 

$7 

$84 

Spare  music  wire 

0.008"  diameter 

2 

$2 

$4 

G.  Gnemicals 


Sigma  # 

Item 

Quantity 

Cost 

Inorganics 

A- 6756 

Arsenic  acid,  sodium  salt 

50  g 

$7.50 

B-0252 

Boric  acid 

1  kg 

$8.00 

C-3881 

Calcium  chloride,  dihydrate 

500  g 

$7.50 

Hydrochloric  acid 

5  liters 

$46.50 

L-4256 

Lithium  hydroxide 

100  g 

$3.75 

iVh0250 

Magnesium  chloride 

500  g 

$8.30 

P"4504 

Potassium  chloride 

500  g 

$5.75 

P-8256 

Potassium  iodide 

100  g 

$6.20 

S-9000 

Sodium  (meta)bisulfite 

500  g 

$4.00 

S-5881 

Sodium  hydroxide 

500  g 

$5.00 

S-0751 

Sodium  phosphate,  monobasic 

500  g 

$8.00 

S-0876 

Sodium  phosphate,  dibasic 

500  g 

$8.00 

B~9876 

Sodium  tetraborate  (borax) 

1  kg 

$5.50 

Buffer  Ingredients 

Acetic  acid,  glacial 

5  liter 

$64.00 

A-9028 

N-(3  aminopropyl) -morpholine 

100  ml 

$7.45 

C-0750 

Caffeine 

100  g 

$3.90 

C-7129 

Citric  acid,  monohydrate 

1  kg 

$5.20 

C-7254 

Citric  acid,  trisodium  salt 

1  kg 

$6.45 

D-3506 

Diethyldithiocarbamic  acid. 

sodium  salt 

100  g 

$6.90 

ED4SS 

Ethylenediaminetetraacetic  acid. 

tetrasodium  salt,  dihydrate 

100  g 

$2.90 

H-8125 

L-Histidine,  monohydrochloride, 

monohydrate 

100  g 

$10.30 

M-0375 

Maleic  acid 

500  g 

$6.60 

M-6250 

2-Mercaptoethanol 

100  ml 

$4.25 

Methanol 

5  liter 

$10.00 

P-1126 

2-Phenoxyethanol 

100  ml 

$4.65 

PVP-40T 

Polyvinylpyrrolidone,  mw  40,000 

100  g 

$1.90 

S-8750 

Sodium  acetate 

500  g 

$4.15 

A-7631 

Sodium  ascorbate 

100  g 

$3.80 

58 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


S-4501  Starch  for  electrophoresis 

T-1378  Tris 

Stain  Ingredients  (enzymes  used  for  in  parentheses) 

A-7251  cis-Aconitic  acid  (AGON) 

A-5754  3-Amino-9-ethyl  carbazole  (PER) 

A-9256  L-Aspartic  acid  (GOT) 

A-3377  Adenosine  5'  triphosphate  (HEX) 

B-0126  Bromphenol  blue  (marker  dye) 

D-4254  N,N  Dimethylformamide  (PER) 

-  95%  eTOH  (AUH) 

D-7137  Dihydroxyacetone  phosphate, 

lithium  salt  (TPI) 

F-7253  Fast  black  K  salt  (LAP) 

F-G250  Fast  blue  BB  salt  (GOT) 

F-0500  Fast  blue  RR  salt  (EST) 

F-0875  Fast  garnet  GBC  salt  (ACPH) 

752-1  D-Fructose  1,6  diphosphate,  trisodium 

salt  (ALD) 

F-3627  D-Fructose-6-phosphate,  disodium 

salt  (PGI) 

G-5000  a-D  Glucose  (HEX) 

G-1259  Glucose-l-phosphate,  disodium  salt, 

grade  VI  (PGM) 

G-7879  Glucose-6-phosphate,  monosodium 

salt  (G6PDH) 

G-5760  Glucose-6-phosphate  dehydrogenase 

(PGI,  PGM,  HEX) 

G-5126  Glyceraldehyde-3-phosphate  dehydrogenase 

(TPI,  ALD) 

G-1626  L-Glutamic  acid,  monosodium  salt  (GDH) 

-  hydrogen  peroxide,  3%  (CAT,  PER) 

1-1252  DL-Isocitric  acid,  trisodium  salt  (IDH) 

1-5882  Isocitrate  dehydrogenase,  type  VI  (AGON) 

K-1750  ot  -  Ketoglutaric  acid  (GOT) 

L-i500  D,L-Lactic  acid,  lithium  salt  (LDH) 

L-0376  L-Leucyl-  3 -napthylamide  (LAP) 

M-0875  UL-Malic  acid  (MDH,  ME) 

M-2128  MTT  (general) 

N-0632  NAD  (general) 

N-0505  NADP  (general) 

N-8505  a  -naphthyl  acetate  (EST-1) 

N-6875  3  -naphthyl  acetate  (EST-2) 

N-7000  a  -naphthyl  acid  phosphate,  sodium  salt 

(ACPH) 

P-7627  6-phosphogluconic  acid,  oarium  salt 

(6PGDH) 

P-9625  PMS  (general) 

P-9255  Pyridoxal-5' -phosphate  (GOT) 

S-5375  Shikimic  acid  (SKDH) 


10  kg 

$176.00 

1  kg 

$15.00 

1  g 

$6.00 

50  g 

$8.20 

100  g 

$3.40 

1  g 

$3.25 

5  g 

$3.00 

100  ml 

$2.75 

250  ml 

100  rng 

$61.60 

25  g 

$5.80 

25  g 

$5.15 

25  g 

$7.15 

100  g 

$6.50 

10  g 

$52.50 

1  g 

$14.00 

1  kg 

$3.10 

5  g 

$20.30 

2  g 

$19.50 

5000  units 

$102.75 

5000  units 

$10.60 

500  g 

$6.00 

1  liter 

$1.00 

5  g 

$22.00 

200  units 

$9.00 

25  g 

$6.65 

10  g 

$5.00 

1  g 

$14.75 

1  kg 

$5.00 

5  g 

$87.95 

5  g 

$28.00 

3  g 

$260.25 

5  g 

$2.50 

5  g 

$6.50 

1  g 

$3.40 

500  mg 

$27.50 

2  g 

$10.50 

500  mg 

$3.75 

500  mg 

$10.50 
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APPENDIX  I.  RECIPES  FOR  EXTRACTION  BUFFERS,  ELECTROPHORETIC  BUFFERS, 
AND  ENZYME  STAINS 


EXTRACTION  BUFFERS 

Note:  Animal  tissues  can  usually  be  ground  in  a  simple  buffer  (such  as  0.2  M 
Tris  HCl  pH  7.0)  perhaps  with  a  thiol  reagent  such  as  2-mercaptoethanol  added. 
The  following  are  intended  primarily  for  plant  tissues,  and  are  ordered  in 
increasing  complexity.  Before  extraction,  these  buffers  are  typically  enhanced 
by  adding  PVP  40  (5%  or  higher)  and  2-mercaptoethanol  (0.1%  to  1%) 


1) 

Simple  extraction  buffer  (modified 

0.2  M  Tris  HCl  pH  8.0 
(=stain  buffer) 

(0.5%)  sodium  (meta)  bisulfite 
(0.05%)  EDTA,  tetrasodium  salt 
(O.OIM)  magnesium  chloride 

adjust  pH  to  7.5 

from  Werth  et  al. 

-  100  ml 

-  0.5  g 

-  0.05  g 

-  1  ml  of  IM 

,  1982) 

solution 

2) 

"Microbuffer"  (modified  from  Mitton  et  al.,  1979; 

similar  to  buffer  published  by  Wendel 

,  1980) 

Molarity 

Amount  per 

100  ml 

Sodium  tetraborate  (=borax) 

0.029 

0.28  g 

Sodium  (meta)  bisulfite 

0.017 

0.08  g 

Sodium  ascorbate 

0.2 

1.0  g 

Sodium  diethyldithiocarbamate 

0.016 

0.07g 

Tris  -  HCl 

0.2 

100  ml 

adjust  pH  to  7.5  with  HCl 

3) 

"Megabuffer"  (Soltis  et  al.,  1983; 

modified  from  Kelley  and  Adams 

,,  1977) 

Molarity 

Amount  per 

25  ml 

Sodium  tetraborate  (=borax) 

0.20 

1.91  g 

Sodium  (meta)  bisulfite 

0.02 

0.095  g 

Sodium  ascorbate 

0.25 

1.24  g 

Sodium  diethyldithiocarbamate 

0.026 

0.113  g 

Maleic  acid 

0.1 

0.29  g 

Tris 

0.1 

0.3  g 

dH20 

to  25  ml 

adjust  pH  to  7.5  with  HCl 
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ELECTROPHORETIC  BUFFER  SYSTEMS 

The  following  buffer  systems  have  been  selected  from  a  plethora  of  published 
recipes  for  routine  use  in  our  lab.  Most  are  from  Selander  et  al.  (1971). 

For  additional  buffers  see  this  publication  as  well  as  Shaw  and  Prasad  (1970), 
Soltis  et  al.  (1983),  Brewer  and  Sing  (1970),  Cardy  et  al.  (1981),  O'Malley  et 
al.  (1980),  Sicilano  and  Shaw  (1976),  Andrews  (1981),  and  Shields  et  al. 
(1983).  Experimentation  is  required  to  determine  which  buffers  will  best 
resolve  a  particular  enzyme  locus  for  a  particular  organism  (cf.  Wendell  and 
Stuber,  1984). 


1)  Clayton  and  Tretiak  (Morpholine)  (Clayton  and  Tretiak,  1972) 


Electrode: 

Citric  acid  (monohydrate) 

N-3( 3-aminopropyl ) -morpholine 
(caution  -  irritant) 


Molarity 

0.04 


Amount  per  liter 

8.4  g 

add  until  pH  reaches 
6.1  (  10  ml) 


Cel:  1:19  dilution  of  electrode 
Run  at  50  MA 


2) 


3) 


4) 


Histidine  -  Citrate 

(Fildes  and 

Harris,  1966) 

Molarity 

Amount  per  liter 

Electrode: 

Citric  acid,  trisodium  salt 
adjust  pH  to  7.0  with  HCl 

0.41 

105.8  g 

Cel  (10  X  Concentrate): 

L  Histidine  -  HCl  0.05  9.58  g 

adjust  pH  to  7.0  with  NaOH 
dilute  1:9  for  gel  buffer 

must  be  refrigerated  to  prevent  molding  and  decay 

Run  at  50  MA 

Lithium  Hydroxide 

(Selander  et  al.,  1971) 

Molarity 

Amount  per  liter 

Solution  A  (Electrode): 
lithium  hydroxide 
boric  acid 
pH  8.1 

0.03 

0.19 

1.2  g 

11.89  g 

Solution  8: 

Tris 

Citric  acid 
pH  8.4 

0.05 

0.008 

6.2  g 

1.6  g  monohydrate 

Cel  buffer  is  1  part  A  +  9  parts  B 
Run  at  300-400  V 

Poulik  (discontinuous  Tris-citrate) 

(Selander  et 

al.,  1971) 

Molarity 

Amount  per  liter 

Electrode: 

Sodium  hydroxide 

Boric  acid 
pH  8.2 

0.07 

0.3 

2.4  g 

18.55  g 

Cel: 

Tris 

Citric  acid 

0.076 

0.005 

9.21  g 

1.05  g  monohydrate 

pH  8.7 


Run  at  250  V 
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5)  Salamander  B  (Tris-borate  -  EDTA  pH  9.1) 


(Guttman,  pers.  comm.) 


Electrode: 

Tris 

Boric  acid 
EDTA 

pH  to  9.1  with  HCl 


Molarity  Amount  per  liter 

0.084  10.2  g 

0.0079  0.54  g 

0.00086  0.29  g  disodium 

salt 


Gel  is  same  as  electrode 
Run  at  50  M A 


6)  Tris-borate  -  EDTA  (Tris-versene- 

Electrode: 

Tris 

Boric  acid 

EDTA 
pH  8.0 

Gel  is  1:9  dilution  of  electrode 
Run  at  50  MA 

borate)  (Selander  et  al.,  1971) 

Molarity  Amount  per  liter 

0.5  60.6  g 

0.65  40.0  g 

0.02  6.0  g  disodium  salt 

7)  Tris-citrate  pH  8.0 

(Selander  et 

al.,  1971) 

Molarity 

Amount  per  liter 

Electrode: 

Tris 

0.687 

83.2  g 

Citric  acid 

0.143 

33.0  g  monohydrate 

pH  8.0 

Gel  is  1:29  dilution  of  electrode 

Run  at  100  MA 

8)  Tris-citrate  pH  6.376.7 

(Selander  et  al.,  1971) 

Molarity 

Amount  per  liter 

Electrode: 

Tris 

0.223 

27.0  g 

Citric  acid 

0.086 

18.07  g  monohydrate 

pH  6.3 

Gel: 

Tris 

0.008 

0.97  g 

Citric  acid 

0.003 

0.63  g  monohydrate 

adjust  pH  to  6.7  with  sodium  hydroxide 

Run  at  100  MA 

9)  Tris-maleate 

(Selander  et  al.,  1971) 

Molarity 

Amount  per  liter 

Electrode: 

Tris 

0.1 

12.1  g 

Maleic  acid 

0.1 

11.6  g 

EDTA 

0.01 

3.72  g  disodium 

salt 

Magnesium  Chloride 

0.01 

10  ml  IM  solution 

Sodium  hydroxide 

13  ml  lOM  solution 

pH  to  7.4  with  NaOH 

Gel  is  1:9  dilution  of  electrode 

Run  at  100  MA 
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STAIN  SOLUTIONS 

I.  Stain  Buffers: 


1.  0.05  M  Acetate  Buffer  pH  5.0 

Sodium  acetate  6.8  g 

IN  HCi  15  mi 

d  H2O  to  I  liter 

pH  to  5.0  with  HCi 

2.  O.I  M  Phosphate  Buffer  pH  6.0 
Phosphate  A  (0.2M  monobasic) 

NaH2P04*H20  27.6  g 
d  H2O  to  1  liter 

(pH  4.4) 

Phosphate  B  (0.2  M  dibasic) 
NaHP04-7H20  53.6  g 
d  H2O  to  1  liter 
(pH  8.7) 


3.  0.2  M  Tris  HCI 

Tris  24.2  g 

d  H2O  to  1  liter 

adjust  pH  to  8.0  or  7.0  as 
required  using  HCI 

0.2  M  Tris-maleate  pH  5.2 

Tris  24.2  g 

Maleic  acid  23.2  g 

d  H2O  to  1  liter 

adjust  pH  to  5.2 


Combine  1  part  B  with  5  parts  A  and 
6  parts  H2O  to  yield  a  0.1  M 
buffer  of  pH  6.0 


II. 

1. 

2. 


Substrates  and  Other  Solutions  (adjust  quantities  to  fit  needs) 


1%  cis-Aconitate  solution 
cis-aconitic  acid  1  g 

d  H2O  to  100  ml 
pH  to  8.0  with  NaOH 

13%  3-Amino-9-ethyl  carbazole 

3-amino-9-ethyl  carbazole  13  g 
N,N  dimethylformamide  100  ml 


3.  1  M  Arsenate 

arsenic  acid,  Na  salt  16  g 

d  H2O  to  50  ml 

4.  2.5%  Fructose-6-Phosphate 

D  fructose-6-phosphate  0.5  g 

d  H2O  20  ml 

5.  5%  Olucose-1 -phosphate 

0  glucose-l-phosphate*4  H2O, 
disodium  salt 

(Sigma  0-1259.')  1  g 

d  H2O  20  ml 

NOTE:  It  is  important  to  use  the 
correct  grade  of  sugar,  as  it  must 
be  contaminated  with  G-l,6-dP! 

6.  G3PDH  solution 

50  units  G3PDH  per  1  ml  d  H2O 


7.  2.5%  Glucose-6-phosphate 

glucose-6-phosphate  0.6  g 

d  H2O  to  25  ml 

8.  G-6-PDH  solution  (10  units/ml) 

G-6-PDH  500  units 

d  H2O  to  50  ml 


12.  2.5%  L-leucyl-  g -naphthylamide 

L-leucyl-  6 -naphthylamide-HCl  1  g 
d  H2O  40  ml 

13.  0.5  M  Lithium  lactate 

DL  lactic  acid,  lithium  salt  5  g 
d  H2O  100  ml 

14.  2.0  M  DL  Malate 

DL  malic  acid 
NaOH 

d  H2O  to 

pH  to  7.0 

15.  IM  MgCl2  solution 

MgCl2-6H20 
d  H2O  to 

16.  1%  MTT  solution 

MTT 

d  H2O  to 


19, 


20. 


268.2  g 
150  g 
1  liter 


200  g 
1  liter 


1  g 
100  ml 


17.  1%  NAD  solution 


NAD 
d  H2O 


to 


18.  1%  NADP  solution 


NADP 
d  H2O 


to 


1  g 

100  ml 


1  g 

100  ml 


1%  g -Naphthyl  acetate  solution 

1%  a -naphthyl  acetate  1  9 
acetone  to  100  ml 

g “Naphthyl  phosphate  solution 
g -naphthyl  acid  phosphate  0.5  g 
70%  acetone  50.0  ml 


IMPLEMENTING  AN  ISOZYME  LABORATORY  AT  A  FIELD  STATION  63 


10%  Glutamate 

21. 

1%  PMS  solution 

L-glutamic  acid 

PMS 

1  g 

monosodium  salt  10  g 
d  H2O  to  100  ml 

22. 

d  H2O  to 

5  M  KI  solution 

100  ml 

GOT  Substrate 

KI 

80  g 

4%  L-aspartic  acid  4g 

2%  ot -ketoglutaric  acid  2g 

d  H2O  to 

100  ml 

d  H2O  -  100  ml 

23. 

0.1%  Bromphenol  blue  solution 

adjust  pH  to  1,0  with  NaOH  (items 

bromphenol  blue 

0.1  g 

will  not  dissolve  fully 
until  pH  is  adjusted) 

d  H2O 

100  ml 

11.  3%  Isocitrate 

NijnL-isocitrate*H20  3  g 
d  H2O  to  100  ml 


STAIN  RECIPES 

The  enzyme  assays  listed  below  in  no  way  comprise  an  exhaustive  list,  but 
include  a  majority  of  those  frequently  stained  in  studies  of  animals  and 
plants.  It  has  been  found  convenient  to  keep  the  ingredients  for  these  enzyme 
stains  in  stock,  as  most  of  the  ingredients  store  well.  Amounts  of  stain 
ingredients  listed  here  are  on  the  side  of  minimal,  but  should  generally  be 
sufficient  for  most  organisms.  Faintly  staining  systems  might  be  enchanced  by 
augmenting  ingredients  or  by  the  agarose  overlay  technique  (see  Soltis  et  al., 
1983).  The  type  of  G-6PDH  used  in  HEX,  PGI,  and  PGM  is  Sigma  No.  G-5760  which 
is  NAD  dependent  and  results  in  a  considerable  savings  in  the  cost  of  these 
assays  (Turner,  1980).  Powders  may  be  estimated  using  the  "analytical 
spatula"  unless  they  are  expensive  (indicated  by  $).  For  additional  enzyme 
stain  recipes  see  Shaw  and  Prasad  (1970),  Harris  and  Hopkinson  (1976), and 
Vallejos  (1984).  (All  should  be  incubated  in  dark  at  37°  C  unless  indicated 
otherwise. ) 


Acid  Phosphatase  (ACPH) 

0.05  M  acetate  buffer  pH  5.0 

25  ml 

1%  a- Naphthyl  acid  phosphate  Na  salt  in  70%  acetone  0.5  ml 

Fast  garnet  GBC  salt 
(Fast  black  K  salt  may  be  substituted) 

May  be  incubated  in  light  at  room  temperature. 

50  mg 

NOTE:  This  technique  differs  from  most  published  recipes  in 

that  only  10  mg  of  substrate  per  assay  are 
in  that  it  is  dissolved  in  acetone. 

used,  and 

Aconitase  (AGON)  (modified  from  Soltis  et  al  1983) 

0.2  M  Tris  HCl  pH  8.0  (or  8.5) 

25  ml 

1%  cis-Aconitate  pH  8.0 

2  ml 

1  M  MgCl2 

0.3  ml 

Isocitrate  dehydrogenase 

3  units 

1%  NADP 

0.5  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 
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Alcohol  Dehydrogenase  (ADH) 


0.2  M  Tris  HCl  pH  7.0 

25  ml 

95%  Ethanol 

2.5  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Stain  box  should  be  covered  with  plastic  wrap  to 

avoid  staining  of  other  gels  via  fumes. 

Aldolase  (ALD)  (modified  from  Soltis  et  al,  1983) 

0.2  M  Tris  HOI  pH  8.0  (or  8.5) 

25  ml 

Fructose  1,6  diphosphate,  Na3  salt 

100  mg 

1  M  Arsenate 

0.3  ml 

G3PDH  (50  units/ml) 

1  ml 

1%  NAD 

1  ml 

1%  MTT 

0,5  ml 

1%  PMS 

0.2  ml 

Catalase  (CAT) 

0.5%  H2U2 

50  ml 

Incubate  for  2  min.;  then  rinse  thrice  with 
d  H2O;  then  add  the  following  solution: 

5  M  KI 

1  ml 

acetic  acid 

1  ml 

d  H2O 

100  ml 

Photograph  as  soon  as  white  bands  on  black 
background  are  evident. 

Esterase  (EST) 

0.1  M  Phosphate  buffer  pH  6.0 

25  ml 

1%  a-Napthyl  acetate  in  acetone 
and/or 

0.5  ml 

1%  6 -Naphthyl  acetate  in  acetone 

0.5  ml 

Fast  blue  RR  salt 

25  mg 

(Fast  Black  K  salt  or  Fast  Garnet  GBC  may 
be  substituted) 

Glucose-6-phosphate  dehydrogenase  (G6PDH) 

(modified  slightly  from  Soltis  et  al,  1983) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

25%  Glucose-6-phosphate,  disodium  salt 

1  ml 

1%  NADP 

0.5  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Glutamate  dehydrogenase  (GDH) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

10%  L-Glutamic  acid,  monosodium  salt 

5  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 
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Glutamate  oxaloacetate  transaminase  (GOT,  AAT) 

0.2  M  Tris  HCl  pH  7.0  25  ml 
GOT  substrate  (4%  L-aspartate/2%  a -ketoglutarate)  2,5  ml 
Pyridoxal”5' -phosphate  1  ml 
Fast  blue  BB  salt  75  mg 


Hexokinase  (HEX  or  HK)  (modified  slightly  from  Soltis  et  al,  1983) 

0.2  M  Tris  HCl  pH  8.0  (or  8,5) 

25  ml 

1  M  MgCl2 

2  ml 

a  -D-Glucose 

25  mg 

ATP 

6  mg 

EDTA,  Na/i  salt 

10  mg 

G-6--PDH  (10  units/ml) 

1  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Isocitrate  dehydrogenase  (IDH) 

0.2  M  Tris  HCl  pH  8,0 

25  ml 

3%  Isocitrate 

2  ml 

1  M  MgCl2 

1  ml 

1%  NADP 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Leucine  aminopeptidase  (LAP) 

0,2  M  Tris  maleate  buffer  pH  5.2 

25  ml 

2.5%  L-Leucyl“  g -naphthylamide.  HCl 

0.5  ml 

Incubate  15-30  min.,  then  add: 

Fast  Black  K  salt 

(Fast  Garnet  GBC  may  be  substituted) 

50  mg 

Lactate  deydrogenase  (LDH)  (adapted  from  Shaw  and  Prasad, 

,  1970) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

0.5  M  (=5%)'  lithium  lactate 

5  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Malate  dehydrogenase  (MDH) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

2  M  DL  Malate 

5  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Malic  enzyme  (ME)  (Soltis  et  al.,  1983) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

1  M  MgCl2 

0.5  ml 

2  M  DL  Malate 

2.5  ml 

1%  NADP 

0.5  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 
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Peptidase  (PEP) 


0.2  M  Tris  HCl  pH  8.0  (or  7.5) 

25  ml 

3,  3  Dimethoxybenzedine  (=  o-dianisidine) 

5  mg 

L-Amino  acid  oxidase  ($) 

5  mg 

Peroxidase  ($) 

20  mg 

Leucyl-tyrosine(or  other  dipeptide) 

20  mg 

(weigh  all  ingredients) 

Peroxidase  (PER)  (Soltis  et  al. ,  1983) 

0.05  M  Acetate  buffer  pH  5.0 

25  ml 

0.1  M  CaCl2 

1  ml 

13%  3-Amino-9-ethyl  carbazole  in  dimethyl 

formamide 

2  ml 

3%  H2O2 

1  ml 

Incubate  in  refrigerator,  check  at  10  min. 

intervals 

Phosphoglucose  isomerase  (POI) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

1  M  MgCl2 

1  ml 

2.5%  Fructose-6-phosphate 

1  ml 

G6PDH  (10  units  /ml) 

1  ml 

1%  NAU 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

Phosphoglucomutase  (PGM) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

5%  a-D  Glucose-l-phosphate  (Sigma  G1259)l 

1  ml 

1  M  MgCl2 

0.5  ml 

G6PDH  (10  u/ml) 

1  ml 

1%  NAD 

1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 

1)  It  is  important  to  use  the  catalog  number  designated, 

as  the  substrate 

must  be  contaminated  with  glucose-1, 6-diphosphate  for 

the  reaction 

to  go. 

6-Phosphogluconate  dehydrogenase  (6PGDH) 

0.2  M  Tris  HCl  pH  8.0 

25  ml 

1  M  MgCl2 

1  ml 

6-Phosphogluconate,  barium  salt  ($) 

20  mg 

1%  NADP 

0.1  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.1  ml 

Shikimate  dehydrogenase  (SKDH) 

0.2  M  Tris  HCl  pH  8.0  (or  8.5) 

25  ml 

Shikimic  acid  ($) 

10  mg 

1%  NADP 

0.5  ml 

1%  MTT 

0.5  ml 

1%  PMS 

0.2  ml 
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Triosephosphate  isomerase  (TPI)  (Soltis  et  al.,  1983) 


0.2  M  Tris  HCl  pH  6.0 

DHAP  (dihydroxyacetone  phosphate,  lithium  salt)  ($$) 
EDTA,  Na4  salt  dihydrate 
1  M  Na  arsenate 
G3PDH  (50  units/ml) 

1%  NAD 
1%  MTT 
1%  PMS 


25  ml 
3  mg 
12  mg 
0.5  ml 
2  ml 
1  ml 
0.5  ml 
0.2  ml 


APPENDIX  II.  ISOZYME  TECHNIQUE  PROCEDURES  USED  IN  THIS  LAB 

The  following  procedures  are  provided  for  those  unfamiliar  with  isozyme 
techniques.  Variations  of  these  are  used  in  many  labs,  and  may  be  adopted  by 
individuals  according  to  personal  liking.  Results  are  little  affected  by  any 
of  these  variations;  the  primary  criterion  here  has  been  convenience  and  effi¬ 
ciency.  More  detailed  information  on  procedures  may  be  found  in  one  of  the 
references  listed  in  the  bibliography. 


Sampling  and  Collection 


If  a  reasonable  estimate  is  to  be  made  of  gene  frequencies,  a  sampling 
strategy  which  is  randomized  and  which  samples  a  large  portion  of  the  popu¬ 
lation  is  required.  However,  specific  questions  may  call  for  other  sampling 
strategies  such  as  use  of  a  transect,  a  small  area  census  or  sampling  of 
nearest  neighbors.  Population  samples  should  be  large  enough  to  accurately 
reflect  gene  frequencies.  For  example,  the  minimum  sample  size  to  state  that 
a  locus  is  monomorphic  (p  >  .95)  at  the  .05  significance  level  is  n  such  that 
pri  <  .05.  This  solves  to  a  value  of  n  =  59  for  p  =  .95. 

Ideally  whole  organisms  should  be  kept  alive  until  just  prior  to 
dissection  and  extraction.  If  this  is  not  feasible,  most  types  of  organisms 
can  be  stored  for  periods  of  months  or  even  years  if  kept  frozen  at  -60OC, 
or  for  shorter  periods  at  a  higher  freezing  temperature.  In  some  cases  plant 
leaves  can  be  stored  for  weeks  or  months  at  A^C  tightly  sealed  in  plastic 
bags.  Different  organisms  have  different  storage  capacities,  and  different 
enzymes  may  lose  activity  at  different  rates.  Storage  capabilities  need  to  be 
determined  empirically.  Pickled,  dried  or  otherwise  preserved  organisms  are 
unsuitable  for  isoenzyme  study  due  to  denaturation  and  lysis  of  enzymes. 


Extracting 


A  wide  variety  of  tissues  may  be  used  for  isozyme  study.  Reference  to  the 
literature  should  provide  insights  into  optimal  methods  for  preparing  and 
storing  samples  for  a  given  species.  Expression  of  certain  enzyme  loci  may  be 
tissue  specific,  and  this  should  be  taken  into  consideration  when  planning  an 
extraction  protocol.  Some  experimentation  may  be  required. 

Homogenates  suitable  for  enzyme  electrophoresis  can  be  made  by  crushing 
all  or  a  portion  of  the  organism  in  a  small  amount  of  distilled  water  or  a 
buffer.  This  may  be  carried  out  in  ground  glass  homogenizing  tubes,  in 
mortars,  or  in  porcelain  spot  plates  using  small  test  tubes  as  "pestels". 
Grinding  coriaceous  tissue  such  as  molluscan  foot  or  oak  leaf  may  require  the 
addition  of  sand.  Alternatively,  such  tissue  may  be  effectively  squeezed 
under  the  pressure  of  a  1/2"  plexiglass  dowel  in  a  small  plastic  weighing  boat. 

Smearing  of  lanes  is  sometimes  caused  by  debris  in  the  homogenate.  This 
is  especially  problematic  with  vertebrate  tissues.  Such  debris  is  removed  by 
centrifugation  of  the  samples  at  20,000  rpm  for  45  min.  at  4^0  prior  to 
electrophoresis.  More  elaborate  preparations  such  as  fractionations, 
lyophilization,  or  column  separation  are  sometimes  reported,  but  these  are 
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time-consuming  and  rarely  enhance  the  results  significantly.  Debris  may  be 
excluded  from  wicks  by  interposing , between  homogenate  and  wick,  a  small  piece 
of  interfacing  material  (available  at  fabric  stores).  Many  plant  tissues 
present  problems  in  the  form  of  phenolic  compounds  which  form  complexes  with 
proteins  upon  grinding.  Polyvinyl  pyrrolidine  (PVP  40T)  added  to  the 
extraction  buffer  is  a  very  effective  remedy  for  this  problem.  However,  some 
plants  require  the  additional  ingredients  of  the  more  complex  buffers  listed 
in  Appendix  1  before  electrophoresis  can  be  effective.  Shadow  or  ghost¬ 
banding  may  often  be  remedied  by  the  addition  of  a  sulphydryl  reducing  agent 
such  as  2-mercaptoethanol. 

Preferably,  samples  are  ground  immediately  prior  to  loading  on  gels. 
However,  it  is  possible  to  store  homogenates  frozen  (preferably  at  an 
ultracold  -60°C  temperature)  overnight,  or  in  some  cases  for  days  or  weeks, 
without  loss  of  activity.  This  capacity  varies  much  between  taxa,  and  must  be 
assessed  experimentally. 

It  is,  of  course,  important  to  record  the  individual  specimen  number  and 
other  data  for  each  sample  on  a  data  sheet  with  numbers  corresponding  to  lanes 
on  the  gel. 


Pouring  Starch  Gels 

Preparation  of  starch  gels  is  accomplished  by  heating  a  starch  suspension 
to  boiling,  evacuating  to  remove  air  bubbles,  and  pouring.  Two  protocols  are 
in  common  use.  One  involves  bringing  2/3  of  the  buffer  to  a  boil  in  a  large 
flask,  quickly  adding  the  remaining  1/3  in  which  the  starch  has  been 
previously  suspended,  and  then  evacuating.  The  other  protocol  is  described  in 
detail  below. 

1.  Decide  on  type  of  buffer,  percentage  of  starch  (12-15%),  and  size  of  gel. 

2.  Weigh  out  appropriate  amount  of  starch  and  place  in  a  1  liter  flask. 

3.  Prepare  appropriate  volume  of  gel  buffer  (often  involves  dilution)  and 
pour  into  flask  over  starch.  Swirl  vigorously  to  prevent  formation  of 
lumps. 

4.  Heat  over  Bunsen  burner  (turned  on  full  blast)  while  continuously 
swirling.  It  may  be  necessary  to  switch  from  one  arm  to  the  other  due  to 
exhaustion.  At  some  point  the  starch  grains  will  burst  and  a  colloid  will 
be  formed.  This  will  be  manifest  as  a  thickening  and  partial  clearing  of 
the  contents  of  the  flask.  Continue  heating  until  the  liquid  thins 
noticeably  and  comes  to  a  vigorous  boil. 

5.  Evacuate  the  gel  (place  in  the  flask  mouth  a  two  hole  stopper  with  one 
hole  connected  to  a  vacuum  line  or  aspirator  and  the  other  to  be  covered 
by  a  thumb  to  control  vacuum)  until  liquid  settles  and  bubbles  are  more 
or  less  uniform. 

6.  Remove  stopper  and  pour  molten  gel  evenly  into  gel  mold.  Use  a  spatula  to 
quickly  remove  any  lumps  or  foreign  material.  Immediately  fill  flask  with 
cold  water. 

7.  When  gel  has  thoroughly  cooled,  cover  it  with  Saran-wrap  to  prevent 
evaporation  and  refrigerate  if  desired. 

Loading  Samples  onto  Gels 

inoculation  of  homogenate  samples  into  starch  gels  is  routinely 
accomplished  using  rectangular  filter  paper  wicks  placed  in  a  slit  cut  along 
the  origin,  a  more  convenient  method  than  using  wells  formed  with  a  gel 
comb.  The  following  protocol  is  suitable  (see  Fig.  6). 

1.  Place  filter  paper  wicks  of  appropriate  size  in  each  sample,  one  wick  for 
each  gel  to  be  loaded. 

2.  Make  an  incision  for  the  origin  on  each  gel.  Be  certain  the  knife  is  held 
perpendicular  to  the  gel,  that  the  point  reaches  the  bottom  of  the  gel, 
and  that  the  cut  is  straight  and  parallel  to  the  gel  edge. 

3.  Place  about  5  wicks  iui  order  on  a  clean  paper  towel  or  filter  paper  so  as 
to  blot  excess  moisture.  Wicks  placed  on  gel  should  be  thoroughly  soaked 
with  the  sample  fluid,  but  not  sopping. 
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4.  Using  a  numbered  acetate  strip  as  a  guide,  place  wicks  into  the  slit  at 
the  gel  origin.  Strongly  avoid  having  to  re-position  wicks  after 
placement.  Be  certain  wicks  are  flush  with  the  bottom  of  gel.  Continue 
until  all  wicks  are  in  place.  (Alternatively,  the  back  portion  of  the  gel 
may  be  removed  as  in  Fig.  6,  the  wicks  rested  against  the  front  portion, 
and  then  the  back  portion  slid  back  into  place.) 

5.  Place  a  wick  soaked  with  bromphenol  blue  solution  (to  monitor  migration) 
in  the  right  edge  of  the  gel. 

Electrophoresis 

Electrophoresis  is  accomplished  by  passing  current  through  the  gel  by 
means  of  two  electrode  buffers  wicked  onto  the  gel  surface  with  sponges 
(Fig.  7). 

1.  Rest  gel  on  electrode  boxes  with  origin  toward  cathodal  (negative;  black) 
electrode. 

2.  Place  edge  of  cathodal  sponge  about  2  cm  to  the  left  of  the  origin  and  the 
anodal  (positive;  red  electrode)  sponge  at  least  as  far  across  the  right 
side  of  the  gel.  WARNING:  ALWAYS  BE  CERTAIN  POWER-PAK  IS  ON  STANDBY  OR 
OFF  WHEN  TOUCHING  ELECTRODE  SPONGE  AND/OR  GEL.  A  good  safety  measure  is 
to  always  handle  only  one  electrode  at  a  time. 

3.  Place  Saran-wrap  or  an  acetate  sheet  over  sponges  and  gel. 

4.  Place  a  pan  full  of  ice  on  top  of  acetate  or  Saran-wrap.  Be  certain  that 
the  pan  does  not  contact  the  sponges. 

5.  Turn  power  on  and  adjust  current  to  appropriate  level.  Check  periodically 
and  readjust  if  necessary. 

6.  After  20-30  minutes  turn  current  off  and  remove  the  wicks.  This  step  is 
optional  ,  but  may  improve  and  clarify  bands  in  some  cases. 

7.  Place  a  plastic  bar  or  soda  straw  as  a  spacer  between  the  gel  edge  and  the 
mold  so  as  to  improve  contact  across  the  origin.  (It  may  be  desirable  to 
use  a  second  spacer  at  a  later  point.) 

8.  Position  a  piece  of  Saran-wrap  with  very  straight  edges  over  the  middle  of 
the  gel  between  electrode  sponges  to  prevent  evaporation.  Place  an 
acetate  sheet  over  sponges,  replace  ice  pan  and  turn  current  back  on. 

9.  Continue  electrophoresis,  checking  current  and  ice  every  two  hours,  until 
marker  dye  reaches  desired  distance  from  origin  (typically  ID  cm). 

Slicing 

Gels  are  routinely  sliced  into  thin  slabs  so  that  several  enzymes  may  be 
stained  from  a  single  electrophoresis.  Care  should  be  taken  in  slicing  the 
gel  as  bad  slicing  is  a  source  of  tearful  disappointment.  Most  proteins 
migrate  anodally  and  so  typically  only  the  anodal  portion  of  the  gel  is  sliced 
and  stained.  However,  in  the  initial  phases  of  study  of  an  electrophoret- 
ically  naive  organism  the  cathodal  portion  (backslice)  should  also  be  sliced 
and  stained  (in  the  same  box)  to  check  for  "back"  migration.  The  procedure 
for  slicing  follows: 

1.  Cut  away  the  portions  of  gels  anodal  to  dye  (and  cathodal  to  edge  of 
sponge  for  backslice).  Notch  the  upper  left  hand  corner  (lower  left  for 
backslice) . 

2.  Blot  the  bottom  of  gel  dry  on  a  paper  towel.  Place  on  the  slicing  board, 
and  pat  to  squeeze  away  air  pockets. 

3.  Place  a  glass  or  plexiglass  plate  on  top  of  gel  to  provide  weight. 

4.  Make  certain  slicer  string  is  tight  and  clean  (steel  wool  may  help). 

5.  Rest  the  wire  on  the  slicing  board  rails  and  glide  slicer  through  gel  with 
a  smooth  motion  and  constant  speed.  Apply  a  downward  pressure  to  prevent 
wire  from  raising  and  to  keep  it  taught. 

6.  Turn  gel  over,  peel  off  slice  and  place  in  stain  box,  cut-side  up. 

7.  Repeat  procedure  (continuing  to  slice  from  the  bottom  of  the  gel)  until 
all  slices  have  been  made. 

NOTE:  Alternating  the  side  (left  and  right)  of  the  gel  into  which  the  slicer 
is  first  contacted  will  help  keep  the  gel  of  even  thickness.  All  slices  after 
the  bottom  one  will  have  two  cut  surfaces.  Most  slices  should  be  placed  in 
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the  box  so  that  the  notched  side  is  on  the  left.  However,  the  last  slice  or 
two  should  be  reversed  (lower-most  cut  surface  up,  thus  notch  on  right)  as 
migration  near  the  top  is  erratic.  The  top  slice  is  generally  worthless.  The 
bottom  slice  should  be  used  with  discretion,  as  migration  may  sometimes  be 
erratic. 


Staining 

WARNING;  A  numoer  of  the  chemicals  used  in  staining  enzymes  are  poisonous 
or  carcinogenic,  particularly  the  dyes,  and  caution  should  be  used.  Avoid 
contact  with  skin,  and  inhalation  of  dust.  Wearing  of  plastic  gloves  is 
recommended  while  staining  and  handling  stained  gels. 

To  facilitate  efficient  staining,  stain  boxes  should  be  labeled  in  advance 
and  ordered  in  priority.  Ingredients  are  added,  preferably  in  the  order  on 
the  recipe  card,  immediately  after  the  slice  has  been  placed  in  the  box.  Do 
not  put  dyes  directly  on  gel,  but  rather  add  them  into  a  corner  of  the  box  and 
allow  them  to  diffuse.  Most  ingredients  are  in  the  form  of  solutions  and  are 
pipetted  in  using  syringes.  Powders  may  be  "weighed"  using  the  analytical 
spatula  technique  (eyeball  estimates  of  amounts),  unless  they  are  very 
expensive  (see  Stain  Recipes,  Appendix  I).  Take  great  care  to  be  certain  that 
all  ingredients  are  added  and  that  the  correct  ingredients  are  used.  Note 
that  a  few  recipes  call  for  preliminary  incubation  periods  (e.g.  LAP,  CAT)  for 
which  the  timer  should  be  used. 

Most  of  the  dyes  are  light  sensitive,  and  the  boxes  should  immediately  be 
placed  in  the  incubator  (or  in  a  drawer).  Exceptions  are  ACPH,  LAP,  and  CAT. 
(CAT  must  be  photographed  immediately  as  the  bands  soon  fade.)  Do  not  allow 
gels  to  overstain.  Gels  should  be  thoroughly  rinsed  in  tap  water,  blotted  to 
prevent  glare,  and  photographed  using  transmitted  light  (see  Fig.  5).  It  is 
helpful  to  score  the  gel  at  the  time  it  is  photographed. 

Interpretation  of  Gels 

For  proper  scoring  of  gel  data,  isozyme  phenotypes  must  be  perceived  as 
genotypes  for  individual  loci.  In  some  cases  this  may  be  simple  and 
straightforward,  but  in  other  cases,  especially  multilocus  enzyme  systems, 
interpretation  becomes  an  art  best  acquired  through  experience.  There  is  not 
space  here  to  provide  a  complete  treatment  of  this  subject,  and  the  reader  is 
referred  to  the  excellent  discussion  of  gel  interpretation  in  Ferguson 
(1980).  The  following  paragraph  may  provide  sufficient  information  for 
interpreting  at  least  some  gels. 

Each  band  produced  by  an  individual  on  a  gel  stained  for  a  given  enzyme 
represents  an  isozyme.  Electrophoretically  separable  isozymes  may  be  coded  by 
separate  gene  loci,  by  different  alleles  of  the  same  locus  (allozymes),  or  by 
the  same  allele  if  post-translational  modification  alters  a  portion  of  the 
gene  products  (secondary  isozymes).  Variability  in  the  population  provides 
useful  clues  for  recognizing  the  genetic  basis  for  isozyme  phenotypes. 

Separate  loci  can  be  seen  to  vary  independently  of  one  another.  For  a  given 
locus,  homozygous  individuals  will  show  single  bands,  unless  secondary 
isozymes  form.  These  latter  may  be  recognized  as  bands  (commonly  called 
snadows,  ghosts,  or  sub-bands)  whose  position  is  correlated  with  that  of  each 
allele.  Heterozygotes  will  be  two-banded  if  the  protein  is  monomeric, 
three-banded  if  it  is  dimeric,  or  five-banded  if  it  is  tetrameric.  An  example 
of  a  gel  providing  some  challenges  to  interpretation  is  shown  in  Fig.  8. 

Allozyme  studies  are  often  made  without  confirming  the  Mendelian 
inheritance  of  isozyme  phenotypes.  However,  it  is  generally  desirable  that 
such  confirmation  be  carried  out,  and  is  essential  if  there  are  plausible 
alternative  interpretations  of  banding  patterns.  Once  a  particular  enzyme 
system  has  been  successfully  interpreted  for  a  given  organism,  it  usually 
becomes  a  matter  of  routine  to  score  it  thereafter.  Each  locus  should  be 
scored  separately,  and  each  individual  assigned  a  genotype  for  each  locus. 
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Preservation  of  Gels 

It  may  be  desirable  to  keep  gels  until  photographs  are  developed.  Gels 
stained  with  MTT  are  soaked  in  50%  glycerol  for  a  few  hours  and  then  wrapped. 
Gels  stained  with  NBI^  or  a  fast  dye,  are  soaked  in  a  preservative  consisting 
of  5  parts  water,  5  parts  methanol,  and  1  part  acetic  acid,  and  then  wrapped. 
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Figures  1-4. 

Electrophoretic  equipment  manufactured  for  use  in  the  Mountain  Lake  Biological  Sta¬ 
tion  laboratory. 


1.  Electrode  tray,  constructed  by  drilling  a  hole  in  a  drawer  organizer  into  which  a 
banana-plug  jack  is  mounted.  A  length  of  platinum  wire  (30  gauge)  is  attached  to 
the  jack  (inset)  and  held  in  place  on  the  bottom  of  the  tray  with  silicone  seal. 


2.  Gel  mold.  Bottom  piece  is  1/4"  plexiglass.  Side  pieces  are  1/2"  wide.  For  500  ml 

capacity  gel,  side  pieces  are  1/2"  deep;  for  400  ml  they  are  3/8"  deep. 
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3.  Slicing  board,  a  piece  of  1/4"  plexiglass  with  a  length  of  1/16"  brass  welding  rod 
glued  near  each  edge. 


4.  Sheer,  made  by  mounting  2  angle  irons  on  a  piece  of  wood.  Wire  is  0.008"  diameter  i 
guitar  string.  Tightening  is  accomplished  by  means  of  a  bolt  with  a  hole  drilled  in  its 
shaft  to  accommodate  wire.  Bolts  are  held  taut  by  means  of  lock  washers.  Bottom  of 
each  angle  iron  is  notched  with  a  file  to  provide  wire  guide. 
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Figure  5. 


Light  box  for  photographing  gels.  This  is  simply  a  wooden  box  with  2 100  watt  light  bulbs 
in  sockets  mounted  to  sides  (inset),  and  a  1/2"  thick  piece  of  white  plexiglass  seated  on 
top.  Gels  are  placed  on  the  plexiglass,  blotted  dry  to  prevent  glare,  and  photographed 
while  light  is  passing  through  from  below. 


top  of  gel.  Wicks  are  blotted  on  filter  paper  prior  to  being  placed  on  gel  origin  using 
forceps  and  a  toothpick. 
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Figure  7. 

Electrophoretic  set-up.  Gel  rests  on  inverted  6"  wide  drawer  organizer.  Electrode  buffer 
is  wicked  onto  gel  surface  by  means  of  sponge  cloths.  Saran  wrap  covers  gel  surface 
between  sponges^  and  acetate  sheet  insulates  sponges  from  aluminum  ice  pan.  Ice  must 
be  replaced  periodically  during  run  unless  electrophoresis  is  carried  out  in  a  refrigera¬ 
tor. 
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Figure  8. 

Representative  electrophoretic  banding  pattern  of  10  individuals  for  a  dimeric  enzyme 
coded  by  two  loci.  Locus  1  has  a  secondary  isozyme  which  migrates  anodal  to  the  allele 
position.  Locus  1  has  two  alleles  (F  and  S)  and  Locus  2  has  three  alleles  (F,M^  and  S). 
Heterozygotes  have  intermediate  bands  formed  by  heterodimers. 
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range.  The  results  are  compared  with  related  steady-state  pressure  variations. 
A  periodic-fluctuation  pattern  of  surface  pressures  and  embedded  subsonic  or 
supersonic  regions  is  observed  in  sequentially  computed  results. 


SPACE  STATION  TRACE  CONTAMINANT  ENVIRONMENTAL  ANALYSIS  MODEL.  Dana  A.  Brewer,* 
College  of  William  &  Mary,  Williamsburg,  Va.  23185,  &  3ohn  B.  Hall,  Or.,  NASA 
Langley  Res.  Ctr.,  Hampton,  Va,  23665.  A  gas-ohase  trace  contaminant  environ¬ 
mental  simulation  model  Is  being  developed  to  assess  the  effects  of  equipment 
operation,  metabolic  activity,  and  chemical  reactions  on  human  toxicology  and 
material  degradation  inside  the  closed  environment  of  the  space  station. 

Factors  that  make  this  model  different  from  the  standard  air-quality  simulation 
model  will  be  presented.  In  addition,  the  interactions  of  various  components 
that  contribute  to  changes  in  concentrations  of  gas-phase  species  and  the 
potential  applications  of  such  a  model  will  be  discussed. 


AN  INVESTIGATION  OF  PARTICLE  IMAGE  VELOCIMETRY  FOR  MAPPING  LOW  VELOCITY  FLOW 
FIELDS.  Brooks  A.  Childers^  NASA  Langley  Research  Center,  Hampton,  VA  23665. 
Two  dimensional  projections  of  velocity  information  are  obtained  from  double 
exposure  photographs  of  particles  entrained  in  a  flow.  The  particles  are 
illuminated  with  a  pulsed  laser  sheet  and  light  scattered  perpendicular  to  the 
sheet  is  imaged  to  the  film  plane.  Velocity  data  is  recovered  through  either 
direct  measurement  of  particle  image  pair  orientation  or  analysis  of  Young's 
fringes  resulting  from  passing  a  laser  beam  through  the  doubly  exposed  particle 
images. 


NUMERICAL  ANALYSIS  OF  TWO-DIMENSIONAL  SUPERSONIC  CHEMICALLY  REACTING  FLOWS. 

T.  Chitsomboon* ,  Dept,  of  MEM,  Old  Dominion  Univ.,  Norfolk,  VA  23508,  A. 

Kumar*,  NASA  Langley  Research  Center,  Hampton,  VA  23665,  &  S.  N.  Tiwari ,  Dept, 
of  MEM,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  Two-dimensional  supersonic 
chemically  reacting  flows  are  analyzed  and  efficient  numerical  procedures  are 
developed  for  specific  solutions.  It  is  proposed  to  evaluate  the  species  pro¬ 
duction  terms  implicitly  while  other  terms  are  evaluated  by  an  explicit  method. 
This  technique  produces  an  uncoupled  block-diagonal  system  of  algebraic  equa¬ 
tions  which  is  very  economical  to  invert.  Illustrative  results  are  obtained 
by  modifying  the  existing  Navier-Stokes  solver. 


80 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


EMITTANCE  AND  CATALYSIS  ENHANCEMENT  OF  SUPERALLOYS.  Ronald  K.  Clark,  NASA 
Langley  Research  Center,  and  George  R.  Cunnington,  Jr.,  and  John  C.  Robinson, 
Lockheed  Palo  Alto  Research  Laboratory,  Palo  Alto,  CA.  Use  of  superalloys  in 
heat  shield  applications  requires  that  they  have  a  high  emittance  and  a  low 
catalytic  activity  to  the  recombination  of  dissociated  species  present  in  the 
boundary  layer  during  reentry.  While  some  superalloys  have  good  emittance 
characteristics,  the  naturally  occurring  oxides  of  most  metals  tend  to  have 
high  surface  catalysis  activities.  The  paper  presents  results  for  vapor 
deposited  coatings  applied  to  Inconel  617  and  MA  956  superalloys.  The 
coatings  were  formulated  to  have  a  high  emittance  and  a  low  catalytic 
activity.  Results  from  simulated  reentry  testing  of  coated  specimens  indicate 
that  coated  MA  956  has  a  much  lower  catalytic  activity  after  5  1/2  hours  (19 
cycles  to  temperature)  of  exposure  at  temperatures  near  2000°F  than  does 
uncoated  MA  956.  The  net  effect  of  emi ttance/catalysis  enhancement  of  MA  956 
in  a  100  percent  increase  in  the  energy  input  required  to  produce  a  surface 
temperature  of  2000°F.  The  net  effect  of  the  coating  on  Inconel  617  is  a  50 
percent  increase  in  the  energy  input  required  to  produce  a  surface  temperature 
of  2000°F. 


THERMAL  ANALYSIS  OF  A  LARGE  DEPLOYABLE  TRUSS  ANTENNA,  Jeffery  T.  Farmer  and 
Robert  L.  Wright,  NASA  Langley  Res.  Ctr.,  Hampton,  Va.  23665.  A  method  for 
providing  a  thermal  analysis  of  complex  structures  has  been  developed.  The 
method  is  described  and  a  thermal  analysis  is  presented  for  a  large  deployable 
truss  antenna  in  a  baseline  non-Sun-synchronous  (60°  inclination)  orbit. 

Changes  in  structural  element  heating  due  to  the  spacecraft  orbit  position 
(hourly  effect)  and  orbital  plane  orientation  relative  to  the  Sun  vector 
(seasonal  effect)  are  presented.  The  thermal  behavior  of  the  structural 
elements  due  to  dish  structure  curvature  is  also  discussed.  Heating  rate  and 
temperature  histories  of  selected  members  and  color  graphic  displays  of 
temperatures  on  the  spacecraft  are  used  to  describe  these  effects.  Large 
temperature  variations  (on  the  order  of  150  K)  were  observed  on  the  majority  of 
the  truss  members,  with  large  gradients  occurring  at  spacecraft  exit  from  the 
Earth's  shadow. 


FLOWFIELD  VISUALIZATION  IN  A  MODEL  SCRAMJET  COMBUSTOR.  John  Graves,  Jr.*,  & 
James  C.  McDaniel*,  Dept,  of  Mech.  &  Aerospace  Engr.,  University  of  Virginia, 
Charlottesville,  Va  22901.  Research  on  the  supersonic  combustion  ramjet 
(SCRAMJET)  for  hypersonic  propulsion  has  focused  on  the  problems  of  fuel 
injection  into  the  high  Mach  number  air  stream.  Transverse  injection  using 
staged  sonic  jets  behind  a  rearward  step  is  used  to  create  regions  of 
recirculation  important  to  ignition  and  flameholding.  A  wind  tunnel  containing 
a  model  SCRAMJET  was  designed  to  provide  flowfield  measurements  using  laser- 
induced  iodine  fluorescence  (LIF).  A  preliminary  research  objective  was  to 
conduct  flowfield  visualizations  of  the  complex  three-dimensional  flowfield  for 
a  range  of  injection  pressures,  rearward  step  heights,  and  sonic  injector 
configurations.  Shadowgraph  visualizations  were  used  to  characterize  the 
overall  flowfield  behavior, but  provide  only  1 ine-of-sight  information.  Using 
the  LIF  technique,  SCRAMJET  visualizations  were  photographically  recorded  from 
single  cross-sectional  planes  of  the  flowfield.  The  laser  output,  focused  to  a 
thin  sheet,  excited  fluorescence  from  iodine,  seeded  into  the  injector  jets  to 
simulate  the  fuel.  Lateral  spreading  and  penetration  of  the  simulated  fuel 
plume  were  measured  using  microdensitometer  scans  of  the  photographic 
negatives.  (Supported  by  NASA  NAG-1-373.) 
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COMPRESSIVE  FAILURE  OF  COMPOSITE  PLATES  WITH  NOTCHES.  Zafer 
Gurdal  *  &  Raphael  T.  Haftka  Aerospace  and  Ocean  Engineering 
Dept.,  Va.  Polytechnic  Inst,  and  State  Univ. ,  Blacksburg,  Va.  24061. 
Stability  based  analytical  models  for  local  compressive  failure  of 
composite  plates  display  poor  correlation  with  experiments.  Recent 
experimental  investigations  showed  a  failure  mode,  shear  crippling, 
which  is  believed  to  be  the  result  of  kinking  failure  of  principal 
load  carrying  fibers  in  a  laminate.  Fiber  kinking  nucleates  at  a 
material  defect  point  or  at  a  notch  and  is  characterized  by  a  band 
of  buckled,  fractured  fibers  that  have  undergone  both  shearing  and 
compressional  deformations.  The  present  work  introduces  a  model  for 
fiber  kinking  failure  around  a  notch  under  combined  shearing  and 
compressive  stresses.  Individual  fibers  are  considered  as  beams  on 
elastic  foundation.  The  failure  is  defined  by  the  fracture  of 
fibers  due  to  combined  axial  and  bending  stresses  at  a  point  around 
the  notch.  The  model  is  implemented  for  plates  with  a  crack  and  its 
predictions  are  compared  with  experimental  results  for  plates  with 
cracks  and  holes.  (Supported  in  part  by  NASA  Langley  Res.  Ctr. 
grant  NAG-1-168.) 


NUMERICAL  SOLUTION  OF  FREE  CONVECTION  IN  A  SECTORED  ROTATING  ANNULUS. 

Christian  L.  Haller^,  Robert  J.  Ribando*,  Dept,  of  Mechanical  and  Aerospace 
Engineering,  Univ.  of  Va.,  Charlottesville,  Va.  22901.  Free  convection  in  a 
rotating  sectored  annulus  is  studied  numerically.  The  non-linear,  non- 
axisymmetric  governing  equations  are  solved  using  a  primitive  variable,  finite 
difference  scheme.  Streamlines  and  isotherms  for  all  cases  are  presented. 

The  results  compare  favorably  with  free  convection  in  a  square  cavity. 

In  addition  the  Multi-grid  method  is  combined  with  the  finite  difference 
scheme  to  reduce  computational  costs.  Efficiency  of  the  Multi-grid  algorithm 
is  checked  for  a  Stokes  flow,  driven  cavity  problem. 


RAYLEIGH  SCATTERING  AS  A  PROBE  FOR  ENTRY  VEHICLE  FLOW  FIELD  ANALYSIS.  Donald  A. 
Whitney,  Dept,  of  Physics  and  Eng.  Studies,  Hampton  Univ.,  Hampton,  VA  23668,  & 
John  C.  Hoppe,  Instr.  Res.  Div.,  Langley  Res.  Ctr.,  NASA,  Hampton,  VA  23665. 
Near-field  flow  conditions  around  a  high  altitude  vehicle  during  atmospheric 
entry  have  recently  acquired  a  renewed  interest,  but  can  be  computed  only  ap¬ 
proximately.  Such  calculations  are  based  upon  selected  chemical  species,  in¬ 
cluding  a  subgroup  of  their  reactions,  with  an  associated  set  of  rates  and 
equations.  To  implement  and  conduct  verifying  measurements  during  flight  is 
generally  quite  difficult,  although  such  experiments  are  crucial  to  test  the 
validity  of  the  modeling  process  and  the  computations.  A  better  physical  under¬ 
standing  of  the  fluid  field  and  significant  improvements  in  the  vehicle  design 
can  result.  Among  candidate  techniques,  laser  Rayleigh  scattering  can  measure 
mean  density  and  density  profiles  (^).  The  method  has  the  potential  to  also 
provide  velocity  and  temperature  {^).  We  report  here  some  preliminary  consid¬ 
erations  for  the  use  of  laser  Rayleigh  scattering  on  board  an  entry  research 
vehicle. 


Miles,  D.A,  Santavicca,  &  M.  Zimmerman,  "Evaluation  of  Non-Intrusive  Flow 
Measurement  Techniques  for  a  Reentry  Flight  Experiment,"  NASA  CR  174142,  1983. 

COMPUTER  METHODS  FOR  THE  DESIGN  AND  ANALYSIS  OF  AIRCRAFT.  Vicki  S.  Johnson*, 
NASA  Langley  Research  Center,  Hampton,  VA  23665.  An  overview  of  some  computer 
methods  now  being  used  in  the  conceptual  design  and  analysis  of  aircraft  will 
be  presented.  These  methods  will  include  a  program  for  the  interactive 
development  and  manipulation  of  aircraft  geometry,  various  programs  necessary 
to  determine  the  aerodynamic  characteristics  of  a  given  geometric  arrangement, 
and  programs  for  the  sizing  and  performance  of  aircraft.  The  descriptions  of 
these  various  programs  will  Include  the  types  of  configurations  for  which  they 
are  valid  and  some  comments  on  the  advantages  and  disadvantages  of  the 
techniques.  Some  thoughts  on  the  current  status  and  future  trends  for  the 
conceptual  aircraft  design  process  will  also  be  presented. 
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THE  EFFECTS  OF  MULTIPLE  GRIDDING  ON  THE  SOLUTION  OF  VISCOUS-COMPRESSIBLE 
FLOW.  Monchai  Kathong*,  Dept,  of  MEM,  Old  Dominion  Univ.,  Norfolk,  VA  23508, 

&  R.  E.  Smith*,  NASA  Langley  Research  Center,  Hampton,  VA  23665.  Numerical 
experiments  designed  to  evaluate  the  effect  of  discontinuous  and  overlapping 
grids  on  the  numerical  solution  of  viscous-compressible  flow  are  described.  A 
model  equation  of  the  Navier-Stokes  equations  is  solved  using  the  MacCormack 
technique  with  sudden  changes  in  the  grid  spacing  and  with  partially 
overlapping  grids  that  require  interpolation  between  them.  The  objective  of 
the  study  is  to  establish  the  requirements  placed  on  the  grid  generation  and 
the  solution  algorithm  when  solving  the  complete  N-S  equations  about  complex 
geometries. 


AN  ANALYSIS  OF  FLOW  SEPARATION  ON  THE  SPACE  SHUTTLE  BOAT  TAIL  RAMP 
DURING  RE-ENTRY.  Robert  D.  Kirchner .  Institute  for  Hypersonic 
Studies,  Inc.,  3911  Cooper  St.,  Huntsville,  AL  358OI .  Space 
Shuttle  orbiter  flight  STS-2  is  used  as  the  basis  for  an  analysis 
of  possible  turbulent  separated  flow  regions  upstream  of  the 
orbiter  body  flap.  The  analysis  involves  flight  test  conditions 
at  altitudes  of  from  49  to  39  km  with  the  region  of  separation 
being  defined  for  flap  angles  of  from  12  to  24  degrees.  Both 
analytical  and  empirical  techniques  are  used  to  define  the  boundary 
layer  thickness  at  separation  as  well  as  the  plateau  and  peak 
pressure  ratios.  Three  different  techniques  are  used  to  predict 
the  extent  of  separation  along  the  orbiter  centerline,  and  the 
lateral  spreading  of  the  separated  flow  region  is  defined  by  a 
linear  source  distribution  at  the  hingeline. 


DESCRIPTION  OF  KEPL^IAN  MOTION  IN  TERMS  OF  HLLIPTIC/HIPffiBOLIC 

AND  PARABOLIC  COORDINATES.  Harold  S.  Morton  Jr. .  Dept,  of  Mechani¬ 
cal  and  Aerospace  Engineering,  University  of  Virginia,  Charlottes¬ 
ville,  Virginia  22901.  For  the  two-body  (Keplerlan)  problem,  it  is 
shown  that  motion  in  an  elliptic  orbit  or  in  a  hyperbolic  trajec¬ 
tory  is  descrlbable  in  terms  of  elliptic/hyperbolic  coordinates 
and  motion  in  a  parabolic  trajectory  in  terms  of  parabolic  coordi¬ 
nates.  For  all  three  classes  of  motion,  one  of  the  pair  of  coordi¬ 
nates  is  simply  related  to  the  orbital  eccentricity  and  the  other 
to  the  anomaly  variable.  It  is  further  shown  how  parabolic  coordi¬ 
nates  may  be  used  for  all  three  classes  of  motion,  and  how  these 
coordinates  are  simply  related  to  the  so-called  Euler  parameters 
(or  quaternion  parameters)  and  to  the  Kustaanhelmo-Stlef el  vari¬ 
ables. 


NONINTRUSIVE  PRESSURE  AND  VELOCITY  MEASUREMENT  IN  A  LAVAL  NOZZLE  USING  LASER- 
INDUCED  IODINE  FLUORESCENCE.  Linda  K.  Nicholson*  &  James  C.  McDaniel*,  Dept,  of 
Mech.  &  Aero.  Engr. ,  Univ.  of  Va.,  Charlottesville,  Va  22901.  A  nonintrusive 
optical  technique  for  the  quantitative  measurement  of  pressure  and  velocity  in  a 
compressible  flowfield  is  experimentally  verified.  Theoretically  it  is 
predicted  that,  for  pressures  above  0.2  atmosphere,  the  fluorescence  signal 
emitted  by  iodine  molecules  excited  at  linecenter  by  a  tunable,  narrow-bandwidth 
laser  is  inversely  proportional  to  pressure  and  insensitive  to  other  flowfield 
parameters.  Pressure  can,  therefore,  be  measured  in  situ  by  exciting  an 
iodine-seeded  flowfield  with  a  narrow-bandwidth  dye  laser  and  collecting  the 
resulting  fluorescence  signal  from  a  point  with  a  photosensitive  detector. 
Velocity  is  directly  related  to  the  Doppler  shift  of  the  iodine  absorption  line, 
experimentally  determined  by  simultaneously  monitoring  the  broadband 
fluorescence  signal  from  a  point  in  the  flowfield  and  from  a  static  cell  while 
the  laser  is  tuned  in  frequency.  Pressure  and  velocity  data  were  collected  in  a 
Laval  nozzle  at  Mach  numbers  from  0  to  2  using  laser-induced  iodine 
fluorescence.  These  results  are  compared  to  the  numerical  solution  of  the 
Navier-Stokes  equations  for  the  flowfield  in  order  to  establish  the  accuracy  of 
the  nonintrusive  measurement  technique.  (Supported  by  NSF  Grant  MEA-83-07317. ) 
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ATMOSPHERIC  DENSITY  EFFECTS  IN  SPACE  STATION  ORBITAL  LIFETIME  AND  CONTROL¬ 
LABILITY  STUDIES.  Lynne  H.  Orr,  NASA  Lanqiey  Res.  Ctr.,  Hampton,  Va.  23665. 
Current  space  station  concepts  have  larqe  frontal  areas,  due  primarily  to 
solar  arrays,  which  interact  with  the  upper  atmosphere.  The  interactions  give 
rise  to  significant  atmospheric  drag  and  associated  torques,  the  magnitudes  of 
which  depend  on  atmospheric  density.  Space  station  orbital  lifetime  and 
controllability  studies  must  Include  such  drag  and  torques  and,  therefore, 
must  also  include  variations  in  density.  The  atmospheric  density  model  which 
is  used  in  these  studies  is  reviewed  and  variations  in  atmospheric  density  at 
orbital  altitudes  are  discussed.  Long-term  density  effects,  such  as  the 
variation  with  the  11 -year  solar  activity  cycle,  are  most  Important  in  orbital 
lifetime  studies,  and  short-term  effects,  such  as  the  diurnal  variation,  are 
most  important  in  controllability  studies.  Results  of  space  station  orbital 
lifetime  and  controllability  studies  which  illustrate  such  effects  are 
presented. 

A  NEW  AND  EFFICIENT  FINITE  ELEMENT  METHOD  APPLIED  TO  CONVECTION  HEAT  TRANSFER. 
Rita  J,  Schnlpke^  and  James  G.  Rice*,  Dept,  of  Mech.  Engr. ,  Univ.  of  Virginia, 
Charlottesville,  VA,  22901.  A  new  finite  element  method  applicable  to  convec¬ 
tion  heat  transfer  is  presented.  This  new  method  has  several  novel  features 
including  equal  order  interpolations  for  all  variables,  a  streamline  upwind 
approximation  for  advection  and  an  iterative  solution  method.  The  validity  of 
this  new  formulation  was  tested  on  both  a  natural  convection  problem,  specifi¬ 
cally,  a  thermally  driven  cavity  and  a  forced  convection  problem,  a  heated 
cylinder  in  cross  flow.  The  results  predicted  compare  favorably  to  a  benchmark 
solution  for  the  cavity  and  an  empirical  correlation  for  the  cylinder  in 
crossflow. 


LINEAR  REGULAR  EQUATIONS  OF  MOTION  IN  ORBITAL  MECHANICS.  Paul  W.  Schumacher , Jr . * 
Dept,  of  Aerospace  and  Ocean  Engrg.,Va.  Polytechnic  Inst.  &  State  Univ.,  Blacks¬ 
burg,  Va.  24061.  It  is  well  known  that  several  regularizations  of  the  classical 
two-body  problem  result  in  rigorously  linear  governing  equations.  The  four  known 
examples  can  be  classified  as:  (A)  the  Sundman  time  transformation,  involving  the 
first  power  of  the  radius  and  introducing  eccentric  anomaly,  with  (1)  no  coordi¬ 
nate  transformation,  or  (2)  the  4-parameter  KS  coordinates;  or,  (B)  a  time  trans¬ 
formation  involving  the  second  power  of  the  radius  and  Introducing  true  anomaly, 
with  (1)  Burdet*s  (1969)  coordinates,  or  (2)  Burdet’s  coordinates  with  four  Euler 
parameters  replacing  the  unit  radial  vector.  It  is  also  known  that  for  case  (Al), 
but  where  now  the  Nth  power  of  the  radius  is  used,  linear  regular  equations  re¬ 
sult  only  for  N=l,  although  nonlinear  regular  equations  result  for  N  >  3/2.  Here 
the  4-parameter  coordinate  transformations  are  expressed  in  terms  of  a  single 
matrix  operator  which  represents  KS  coordinates,  Euler  parameters,  and  complem¬ 
entary  versions  of  these.  Case  (A2)  is  examined  with  the  Nth  power  of  the  radius 
introduced,  and  it  is  found  that  only  the  value  N=1  results  in  linear  regular  e- 
quations;  moreover,  no  other  values  of  N  permit  regularization  in  these  coordi¬ 
nates,  Cases  (Bl)  and  (B2)  are  generalized  similarly,  using  also  the  Mth  power 
of  the  radial  variable  in  Burdet's  coordinates.  It  is  found  that  the  values 
N=2,  M=-l,  which  reproduce  the  original  cases  (Bl)  and  (B2) ,  are  necessary  to 
obtain  linear  regular  equations. 
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RIGID-BODY  CONTROLLABILITY  AND  THERMAL  ANALYSIS  OF  A  15-FOOT  BAY  ERECTABLE  AND 
A  9-FOOT  BAY  DEPLOYABLE  SPACE  STATION  REFERENCE  CONFIGURATION.  A.  Don  Scott, 

Jr. ,  &  Melvin  J.  Ferebee,  Jr.,  NASA  Lanqley  Res.  Ctr.,  Hampton,  Va,  23665.  The 
goal  of  the  NASA  space  station  program  Is  to  provide  a  system  of  manned  and 
unmanned  elements  capable  of  performing  scientific,  commercial,  and  operations 
missions.  The  program  begins  with  an  Initial  operational  capability  (IOC)  In 
the  early  1990 's  that  provides  the  foundation  and  Interface  provisions  to  permit 
a  continuing  Increase  In  evolutionary  capability  throughout  the  decade.  Analyt¬ 
ical  models  were  created  using  the  Interactive  Design  and  Evaluation  of  Advanced 
Spacecraft  (IDEAS)  computer-aided  design  and  analysis  system.  The  IDEAS  system 
provided  the  necessary  tools  to  perform  the  controllability  and  thermal  study 
tasks.  The  analytical  models  were  used  to  extract  mass  properties,  controlla¬ 
bility,  and  thermal  data.  An  analysis  of  the  rigid-body  controllability 
characteristics  of  an  IOC  space  station  utilizing  a  15-foot  erectable  and  a  9- 
foot  deployable  support  structure  has  been  presented.  Analytical  methods  for 
the  determination  of  a  maximal  pitch  angle  for  minimizing  the  secular  momentum 
buildup  due  to  the  articulating  solar  arrays  have  also  been  presented.  Analyt¬ 
ical  methods  were  also  used  for  sizing  the  control  moment  gyroscopes.  A  thermal 
analysis  of  both  space  station  reference  configurations  has  been  presented. 

AEROSPACE  VEHICLES  -  PAST  PROGRESS  AND  FUTURE  POSSIBILITIES. 

M.  Leroy  Spearman ,  NASA  Langley  Research  Center,  Hampton,  VA 
23665.  A  brief  review  will  be  presented  of  some  of  the  major 
milestones  in  the  progress  of  airborne  vehicles  during  this 
century.  This  review  will  include  some  of  the  "firsts"  in  areas 
such  as  propulsion,  aerodynamics,  structures,  etc.,  as  well  as 
some  of  the  flight  achievements  that  resulted.  Then  proceeding 
essentially  from  the  current  status  of  aircraft,  some  areas  will 
be  described  in  which  future  improvements  might  be  anticipated 
and  the  implications  relative  to"  future  performance  will  be 
noted.  One  purpose  of  the  paper  will  be  to  engergize  aerospace 
engineers,  particularly  younger  engineers,  by  enlightening  them 
on  the  rapid  growth. that  has  already,  occurred  in  the  aerospace 
arena  and  point  them  toward  expanding  goals  for  further  growth. 

AERODYNAMIC  IMPROVEMENTS  THROUGH  A  NEW  BIPLANE  CONFIGURATION.  M.  A. 

Takallu,  A.  C.  Taylor,  III,  and  Paul  A.  Garn,  Dept,  of  Mechanical 
Engineering  and  Mechanics,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  A 
feasibility  study  has  been  conducted  to  improve  the  low  speed 
aerodynamic  characteristics  of  a  monoplane  configuration  by  the  use  of  a 
new  biplane  like  modification.  The  results  of  a  parametric  study  for 
the  biplane  wings  suggest  that  this  new  configuration  provides  an 
improved  low  speed  performance  in  comparison  to  conventional 
configurations. 


STRONG  INTERACTION  CONSIDERATIONS  IN  LAMINAR  TRANSONIC  FLOWS.  C.  S.  Vemuru* . 

S.  N.  Tiwari  and  R.  B.  Ram*,  Dept,  of  MEM,  Old  Dominion  Univ.,  Norfolk,  VA 
23508.  An  efficient  method  is  developed  to  investigate  strong  interactions  in 
laminar  transonic  flows.  The  method  consists  of  a  finite  volume  technique  for 
solving  the  overall  transonic  flow  field  and  the  integral  method  to  solve  the 
inverse  boundary  layer  equations.  The  viscous-inviscid  interaction  is  achieved 
through  a  semi-inverse  coupling.  In  order  to  study  the  effect  of  suction,  the 
inverse  boundary-layer  equations  are  modified  using  the  small  perturbation 
theory.  Strong  interactions  near  the  shock  and  the  trailing  edge  are  con¬ 
sidered  in  the  present  method. 
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HILLSIDE  SLOPED  FARROWING  PENS  COMPARED  TO  A  CONVENTIONAL  CRATE  SYSTEM.  I. 
NEONATAL  PIG  AND  SOW  PERFORMANCE  FROM  PARTURITION  TO  WEANING.  E.  D.  Bonne tte-»-, 

E.T.  Kornegay  and  E.  R.  Collins,  Jr.  Depts.  of  Anim.  Sci.  and  Ag.  Eng.,  VPI 

&  SU,  Blacksburg,  VA  24061.  Performance  data  from  eighty-two  sows  and  their 
baby  pigs  was  collected  to  determine  if  the  14%  sloped  floor  pens  (which  allow 
sows  more  freedom)  were  better  than  the  conventional  farrowing  crates  (which 
restricts  sow  movement).  Baby  pig  performance  data  suggested  a  trend  for 

increased  number  born  alive,  10.68  vs  9.80,  and  a  decrease  in  the  number  of 

stillborn,  0.39  vs  0.70  and  in  number  of  mummies,  0.15  vs  0.31  (sloped  floor 
pens  vs  conventional  crates,  respectfully).  No  differences  were  seen  in  the 
other  parameters  observed,  which  included:  number  of  pigs  alive  at  7,  14  and 
21  days;  number  weaned;  average  litter  birth  and  21  day  weights  and  pre-  and 
post-weaning  knee  scores.  No  differences  were  found  between  the  sows  in  either 
system  for  the  interval  from  weaning  to  estrus  or  the  pre-  and  post-weaning 
weights.  These  results  suggest  that  the  increased  freedom  of  the  sows  in  the 
pens  may  help  improve  baby  pig  survival.  Therefore,  because  the  sows  in  the 
sloped  floor  farrowing  pens  have  similar  or  better  results  compared  to  those 
in  crates,  it  can  be  concluded  that  the  sloped  pens  may  be  a  viable  alternative 
to  crates. 


EFFECT  OF  SUBSTRATE  ON  EXPRESSION  OF  RESISTANCE  TO  D I CARBOX I M I DE  FUNGICIDES  BY 
SCLEROT I N I A  M I  NOR.  T^.  B^.  Brenneman ,  P.  M.  Phipps,  and  R.  J.  Stipes.  Tidewater 
Res.  Ctr. ,  VPI  &  SU,  Suffolk,  VA  23437-  Resistance  of  Sci erot i n ia  minor  to 
the  d i carbox imi de  fungicides  iprodione  and  vinclozolin  was  found  to  be  depen¬ 
dent  upon  the  culture  substrate  utilized.  Strains  exhibiting  resistance  on 
fungicide-amended  glucose-yeast  extract  agar  (GYEA)  were  not  resistant  to  those 
fungicides  when  applied  to  peanut  plants  in  the  field  or  to  excised  peanut 
stems  in  the  laboratory.  Growth  studies  utilizing  a  basic  nutrient  medium  with 
various  carbon  and  nitrogen  sources  gave  results  similar  to  those  on  GYEA.  The 
resistant  strain  was  capable  of  growth  on  all  media  amended  with  2  pg/ml  vin¬ 
clozolin  whereas  the  sensitive  strain  was  not.  However,  the  resistant  strain 
was  unable  to  form  sclerotia  on  fungicide-amended  media  with  cellulose  or  rham- 
nose  serving  as  the  carbon  source.  The  substrate  also  influenced  rates  of  mu¬ 
tation  for  resistance;  resistant  sectors  developed  only  on  media  utilizing  glu¬ 
cose  as  a  carbon  source  with  sodium  nitrate,  L-asparag i ne,  ammonium  sulfate  or 
yeast  extract  as  a  nitrogen  source. 


BIOLOGY  OF  A  HONEYSUOKLE  APHID  IN  NEBRASKA.  Mark  A.  Oof felt,  Virginia  Truck  & 
Ornamentals  Research  Station,  Virginia  Beach,  VA.  23455.  A  honeysuckle  aphid, 
Hyadaphis  tataricae  (Aizenberg),  has  become  a  serious  pest  of  ornamental  honey¬ 
suckle  ( Lonicera  spp.)  in  the  north-central  United  States.  It  feeds  on  the 
succulent  new  growth  terminals  of  Lonicera  spp.  causing  a  witches’ -broom  with 
stunted  and  folded  leaves.  This  aphid  was  first  discovered  in  Nebraska  in  1981 
and  was  reported  in  15  eastern  counties  in  1982.  A  distribution  study  conducted 
the  summer  of  1983  revealed  FI.  tataricae  in  63  of  Nebraska’s  93  counties. 

Aphid  and  predator  populations  exhibited  a  bimodal  seasonal  abundance 
pattern.  Watered  and  pruned  honeysuckle  had  a  significantly  higher  number  of 
aphids  than  either  watered  and  unpruned  or  unwatered  and  unpruned  plants.  These 
cultural  practices  resulted  in  more  succulent,  actively  growing  terminals  that 
were  preferred  by  FI.  tataricae. 
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EXUDATION  PRODUCTS  RECOVERED  AFTER  TREATMENT  OF  ANNUAL  GRASSES  WITH  THE  BUTYL 
ESTER  OF  ^T-LABELED  FLUAZIFOP.  Jeffrey  F.  Derr ,  Virginia  Polytechnic  Institute 
and  State  University,  Blacksburg ,  VA  2406l .  Studies  were  conducted  to 
determine  if  annual  grasses  could  exude  metabolites  of  fluazifop  through  roots 
following  foliar  treatment.  Goosegrass  (Eleusine  indica  Gaertn.),  large 
crabgrass  (Dig it aria  sanguinalis  (L.)  Scop.)  and  giant  foxtail  (Set aria 
faberi  Herrm. )  were  grown  hydroponically .  Radioactivity  was  recovered  in  all 
plant  parts  4  days  after  application  to  the  nutrient  solution  or  the  shoot 
system.  Greater  amounts  of  radioactivity  were  recovered  in  plant  parts 
following  foliar  treatment,  indicating  a  barrier  to  fluazifop  absorption  may 
be  present  in  root  tissue.  Approximately  Jfo  of  the  foliar -applied  radio¬ 
activity  was  recovered  in  the  nutrient  solution  of  each  species.  Extractions 
performed  on  the  nutrient  solution  indicate  that  the  primary  exudate  appears 
to  be  fluazifop  acid.  Other  compounds  more  polar  than  the  ester  form  of  the 
herbicide  were  also  recovered.  The  butyl  ester  of  fluazifop  was  not  re¬ 
covered  from  the  nutrient  solution  of  foliar  or  nutrient  solution  treated 
plants.  Exudation  of  fluazifop  through  roots  could  be  a  detoxification 
mechanism  in  annual  grasses. 

OVIPOSITION  SITE  SELECTION  RESPONSES  OF  THE  TWO  SPOTTED  SPIDER  MITE  TO  FENVALER- 
ATE  AND  PERMETHRIN  RESIDUES  ON  SOYBEANS.  Daniel  J.  Donahue*,  Dept,  of  Entomol., 
Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061.  Robert  M.  McPherson,  Eastern  Va. 
Res.  Sta. ,  Warsaw,  Va.  22572.  Sidney  L.  Poe,  Dept,  of  Entomol.,  Va.  Polytechnic 
Inst.,  Blacksburg,  Va.  24061.  Tetranychus  urticae  Koch  (Acari:  Tetranychidae) 
oviposition  site  selection  in  response  to  residues  of  formulated  fenvalerate  and 
permethrin  was  evaluated  at  both  runoff  and  non-coelesced  droplet  coverage  on 
soybeans.  Glycine  max  (L.)  Merrill,  var.  Essex.  The  insecticides  influenced  egg 
distribution  in  horizontal  and  vertical  planes.  No  significant  differences  in 
response  were  found  between  the  two  levels  of  residue  deposit.  When  a  sub¬ 
stantial  area  of  pyrethroid-f ree  leaf  surface  was  available,  most  eggs  were 
found  on  the  untreated  surface.  When  pyrethroid-f ree  leaf  surface  was  not 
available,  a  significant  proportion  of  the  eggs  oviposited  were  found  suspended 
above  the  treated  surface.  The  observed  alterations  in  egg  distribution  may 
reflect  a  general  pyrethroid  avoidance  response,  as  opposed  to  a  specific 
pyrethroid-induced  change  in  oviposition  site  selection  behavior,  as  has  been 
proposed  in  the  literature.  (Research  was  supported,  in  part,  by  a  grant  from 
the  Virginia  Agricultural  Foundation,  to  the  authors.) 


A  BIOMETRICAL  TEST  FOR  SCALING  EFFECT  IN  HAMPSHIRE  SHEEP  DATA.  J.  A.  Gaines, 

H.  D.  Hupp*,  &  W,  H.  McClure,  Anim,  Sci.  Dept.,  VA  Tech,  Blacksburg,  VA  24061. 
If  the  scale  of  measurement  is  wrong,  one  could  have  problems  interpreting 
results  and  drawing  valid  conclusions.  A  test  was  done  as  the  first  of  several 
preliminary  analyses  relative  to  an  experiment  to  evaluate  recurrent  selection 
for  ADG  from  birth  to  market  in  Hampshire  sheep.  Two  flocks  were  Involved. 

One  was  the  Recurrent  Selection  Flock  of  3  rams  and  75  ewes  maintained  at 
Blacksburg.  The  other  was  the  Genetic  Control  Flock  of  10  rams  and  60  ewes 
kept  at  Glade  Spring.  A  total  of  2,434  lambs  was  involved,  born  during  17 
years  from  1956  to  1973.  The  procedure  was  to  test  for  a  correlation  between 
the  mean  and  variance  within  subclasses  of  sexes  within  years.  Six  correlations 
and  standard  errors  were  calculated  for  each  of  six  production  traits,  birth 
weight,  weaning  weight,  ADG  birth  to  weaning,  ADG  weaning  to  market,  ADG  birth 
to  market,  and  120-day  weight.  Sexes  were  male,  female,  and  combined.  The  36 
correlations  had  large  standard  errors  in  all  cases  except  three.  As  they  were 
generally  nonsignificant  (P >  .10),  scaling  effects  were  considered  unimportant 
and  no  transformations  were  made. 
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A  STUDY  OF  ENVIRONMENTAL  TIME  TRENDS  IN  HAMPSHIRE  SHEEP,  J.  A,  Gaines,  H.  D. 
Hupp*,  &  W.  H.  McClure,  Anlm.  Sci.  Dept.,  VA  Tech,  Blacksburg,  VA  24061.  Time 
trends  can  be  misleading  in  selection  experiments.  If  there  is  no  control 
population,  the  researcher  could  interpret  non-genetic  trends  in  the  selected 
population  as  genetic  change  due  to  selection.  This  was  checked  in  the  second 
preliminary  analysis  in  an  experiment  to  evaluate  recurrent  selection  from 
birth  to  market  in  Hampshire  sheep.  Three  flocks  were  used.  One  was  the  Test 
Flock  (TF)  of  200  Hampshire  x  Ramboulllet  ewes  kept  at  Steeles  Tavern.  The 
second  was  the  Environmental  Control  Flock  (EC)  (Hampshire)  of  1  to  5  rams  and 
60  ewes  kept  at  Blacksburg.  The  third  was  the  Genetic  Control  Flock  (GC)  of 
10  rams  and  60  ewes  kept  at  Glade  Spring.  A  total  of  1,244  lambs  were  used, 

721  from  EC  over  13  years  and  523  control  lambs  in  TF  over  11  years  by  mating 
GC  rams  to  TF  ewes.  Six  traits  (named  in  the  previous  paper)  were  used.  The 
model  contained  sex,  age  of  ewe,  and  type  of  birth  and  rearing.  It  also 
included  years,  resulting  in  adjusted  year  means  which  were  then  regressed  on 
year  of  experiment.  In  the  EC,  no  trends  were  shown.  In  the  TF  weaning  weight 
was  increased  (P <  .01),  but  a  small  amount  compared  to  selection;  there  were  no 
trends  in  any  other  traits.  So  no  adjustments  were  made. 

A  STUDY  OF  GENETIC  TIME  TRENDS  IN  HAMPSHIRE  SHEEP.  J.  A.  Gaines,  H.  D.  Hupp*,  & 
W.  H,  McClure,  Anim.  Sci,  Dept.,  VA  Tech,  Blacksburg,  VA  24061.  This  paper 
covers  the  third  preliminary  analysis  in  an  experiment  to  evaluate  recurrent  se¬ 
lection  for  growth  rate  from  birth  to  market  in  Hampshire  sheep,  to  test  for  any 
genetic  time  trends  in  the  control  flocks  that  would  cast  doubts  on  results  of 

selection  of  the  recurrent  selection  rams  being  due  to  permanent  genetic  change. 

Data  from  four  flocks  were  used,  namely,  the  Recurrent  Selection  Flock  (RS)  of 
3  rams  and  75  ewes  kept  at  Blacksburg  (1,539  lambs),  the  Environmental  Control 
Flock  (EC)  of  1  to  5  rams  and  60  ewes  kept  at  Blacksburg  (721  lambs),  the 
Genetic  Control  Flock  (GC)  of  10  rams  and  60  ewes  kept  at  Glade  Spring  (895 
lambs),  and  the  Test  Flock  (TF)  of  200  Hampshire  x  Ramboulllet  ewes  kept  at 
Steeles  Tavern  (2,362  lambs).  Six  traits  (named  in  a  previous  paper)  were  used. 
The  model  contained  sex,  age  of  ewe  and  type  of  birth  and  rearing.  It  also  in¬ 
cluded  years,  resulting  in  adjusted  year  means  which  were  then  regressed  on 
years.  When  RS  rams  were  mated  to  EG  ewes,  there  were  no  trends  (.07  <P<  .99). 

When  RS  rams  were  mated  to  RS  ewes  there  were  no  trends  (.06 <  P<  .85).  In  the 

GC  there  were  significant  decreases  in  4  traits  and  no  trends  in  two,  no  impedi¬ 
ment.  When  RS  rams  were  mated  to  TF  ewes,  5  traits  showed  significant  trends, 
allowing  a  firm  conclusion  selection  was  effective. 

INFLUENCE  OF  CHLORTETRACYCLINE  SUPPLEMENTATION  ON  REPRODUCTIVE  PERFORMANCE 
OF  GILTS.  R.R.  Grandhi'"',  M.D.  Lindemann,  E.T.  Kornegay  and  J.W.  Knight.  Dept, 
of  Anim.  Sci.  VPI  &  SU,  Blacksburg,  VA  24061.  Grossbred  gilts  weighing 
approximately  97.0  ±  1.4  kg  were  limit-fed  (2.5  kg/ day)  a  14%  protein  corn- 
soya  gestation  diet  containing  (l)  no  antibiotic  as  control;  or  (2)  added  (200 
g/ton)  chlortetracycline  (CTC)  from  l6l  ±1  days  of  age  until  15  days  after 
breeding.  The  reproductive  performance  was  evaluated  at  31.6  ±  0.5  or  71.0 
±  0.7  days  of  gestation  period.  There  was  no  significant  difference  (P>0.05) 
in  puberty  (177.0  ±  2.9  vs  181.5  ±  2.9),  ovulation  rate  (I4.4  ±  0.7  vs  12.9 
±  0.7),  number  of  live  fetuses  (11.3  t  0.8  vs  10.0  ±  0.8)  and  embryo  survival 
rate  (79*0  ±  5.8  vs  77.4  -  5.8%)  between  CTC-fed  and  control  gilts.  Feeding 
CTC  increased  (P<0.05)  the  fetal  length  by  11.3%  at  31.6  days  of  gestation 
and  by  4*5%  in  71  day  old  fetuses.  The  uterine  and  placental  lengths,  placental 
and  fetal  weights,  and  allantoic  fluid  volumes  were  also  not  significantly 
(P>0,05)  different  between  the  control  and  CTC-fed  gilts.  These  results  indica¬ 
ted  that  CTC  can  improve  certain  reproductive  traits  in  gilts. 
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GRADIENT  LEVELS  OF  TRICHLOROPHENOL  IN  BEEF  STEERS:  A  FOLLOW-UP.  Sabine  B. 
Hartmann ,  T.  S.  Rumsey,  A.  S.  Kozak,  and  K.  P.  Bovard.  Va.  Tech,  Blacksburg, 

Va.  24061  and  U.  S.  Dept,  of  Agriculture.  Beltsville,  MD  20705.  A  trial  was 
conducted  with  eight  Hereford  steers  to  gain  further  information  on  the 
similarity  of  the  effect  of  ronnel  and  that  of  the  phenolic  ronnel  metablolite 
2,4,5-trichlorophenol  on  circulating  T4  and  T3  concentrations.  All  steers  were 
fed  the  same  basal  diet.  In  addition,  two  steers  at  each  level  (0,  1.0,  2.0 
and  4.0  mg  TCP  per  kg  body  weight)  received  TCP  in  its  pure  form  once  a  day. 

The  steers  were  fed  for  21  days  and  rotated  among  the  TCP  levels  for  21  day 
periods  in  a  Latin  square  design.  Contrary  to  results  from  the  study  reported 
by  Ward  et.  al .  in  1984,  differences  in  plasma  T4  and  To  concentrations  were 
small;  they  were  not  related  to  level  of  TCP  fed.  In  this  trial  the  phenolic 
ronnel  metabolite  2,4,  5-trichloraphenol  did  not  alter  deiodinase  activity  of 
plasma  concentrations  of  T4  and  T3. 

PHYSIOLOGICAL  INTERACTIONS  BETWEEN  THE  HERBICIDE  EPTC  AND  SELECTED  ANALOGS  OF  THE 
ANTIDOTE  NAPHTHALIC  ANHYDRIDE  ON  TWO  CORN  HYBRIDS.  K.K.  Hatzlos,  Dept,  of  Plant 
Path.,  Physiol,  &  Weed  Sci,,  VPI  &  SU,  Blacksburg,  VA  24061.  The  efficacy  of 
nine  structural  analogs  of  the  herbicide  antidote  naphthalic  anhydride  (NA)  for 
the  protection  of  corn  (Zea  mays  L.,  cvs.  ’DeKalb  XL72AA’  and  ’DeKalb  XL67’) 
against  injury  from  the  thlocarbamate  herbicide  EPTC  were  evaluated  under  green¬ 
house  conditions.  The  chemical  analogs  of  NA  tested  were:  acenaphthenequinone 
(ACQ) ;  4-amino-l ,8-naphthalic  anhydride  (NH2NA) ;  l,4,5,8~naphthalenetetracarbo- 
xylic  di-anhydride  (NDiA) ;  1 , 8-naphthalimide  (NHNA) ;  4-chloro-l , 8-naphthalic 
anhydride  (CINA) ;  diphenic  anhydride  (DA);  2“phenylglutaric  anhydride  (PGA); 
phthalic  anhydride  (PHA) ;  and  perinaphthenone  (PA) ,  Preplant  incrorporated  ap¬ 
plications  of  EPTC  were  highly  toxic  to  the  susceptible  ’XL67’  hybrid  of  corn  at 
rates  as  low  as  2.2  kg/ha.  Appreciable  injury  to  the  tolerant  ’XL72AA'  hybrid 
of  corn  by  EPTC  was  observed  only  at  rates  higher  than  6,7  kg/ha.  Of  the  analogs 
tested,  PGA  and  PA  were  very  phytotoxic  and  inhibited  the  germination  of  both 
hybrids  of  corn.  NA,  ACQ,  NH2NA,  NDiA,  NHNA,  ClNA,  DA,  and  PHA  applied  as  seed 
dressings  at  0.5  and  1.0%  (w/w)  offered  satisfactory  protection  to  ’XL72AA’ 
corn  against  EPTC  rates  higher  than  6.7  kg/ha.  The  protection  offered  by  the 
same  antidotes  to  'XL67’  corn  was  partial  and  not  agronomically  important. 


A  CHARACTERIZATION  OF  TOE  LENGTH  DISPARITY  IN  BOARS,  BARROWS  AND  SOWS  AS 
INFLiJENCED  BY  NUTRITION.  E.T.  Kornegay,  R.R.  Grandhi^^,  H.P.  Veit’"'  and  M.D. 
Lindemann.  Depts.  of  Anim.  Sci.  and  Vet.  Pathology  and  Public  Prac.,  VPI 
&  SU,  Blacksburg,  VA  24061.  Radiographs  of  front  and  hind  feet  from  64  boars, 
107  barrows  and  86  sows  were  studied  to  characterize  the  inequalities  in  swine 
digits  and  to  determine  the  influence  of  nutrition  on  such  inequalities.  The 
boars  were  fed  ad  libitum  or  75%  ad  libitum  energy  with  100%  or  150%  of  1979 
NRG  recommended  levels  of  vitamin-mineral  levels,  whereas,  sows  were  fed  the 
same  two  levels  of  energy  with  100%  or  150%  of  NRG  recommended  calcium-phosphor¬ 
us  levels  during  growing-finishing  period.  Barrows  were  fed  two  sources  of 
phosphorus  with  increasing  levels  of  sodium.  The  3rd  and  4th  metacarpals  (MG), 
metatarsals  (MT)  and  associated  phalanges  (PH)  were  measured  for  length  and 
deviations  of  the  positioning  of  lateral  and  medial  extremities.  The  difference 
in  toe  length  observed  in  front  feet  was  due  to  a  lower  positioning  of  lateral 
MG  and  PH,  whereas,  in  hind  feet  this  was  more  due  to  a  relatively  longer 
lateral  MT  and  PH  than  the  medial  bones.  Nutritional  treatments  had  little 
influence  on  toe  length  disparity.  Structural  soundness  scores  were  poorly 
correlated  with  distal  deviations  of  PH  in  both  front  and  hind  feet  suggesting 
that  toe  length  disparity  is  not  a  major  cause  of  lameness  in  swine. 
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PARASITISM  OF  THE  DIAMONDBACK  MOTH,  PLUTELLA  XYLOSTELLA  (L.)  (LEPIDOPTERAj 
PLUTELLIDAE)  ON  CABBAGE  IN  SOUTHWEST  VIRGINIA.  J.  A.  Lasota  and  L.  T.  Kok, 

Dept,  of  Entomology,  VPI  &  SU,  Blacksburg,  VA  24061.  Diadegma  insularls  (Meus.) 
(Hymenoptera :  Ichneumonldae)  parasitized  46%  and  69%  of  the  diamondback  moth, 
Plutella  xylostella  (L.)  (Lepidoptera :  Plutellidae) ,  in  1983  and  1984, 
respectively.  These  parasitization  rates  were  determined  in  a  pesticide-free 
cabbage  planting  in  southwest  Virginia.  D.  Insularls  parasitizes  the  host  larva 
and  replaces  the  host  cocoon  with  its  own  pupal  case.  Of  three  commercial 
cabbage  varieties  tested,  the  Abbott  and  Cobb  #5  variety  had  the  highest 
percentage  of  parasitized  pupae.  Parasitized  diamondback  moth  hosts  were 
equally  distributed  on  the  upper  and  lower  cabbage  leaf  surfaces,  although  most 
pupation  of  xylostella  occurred  on  the  lower  surface. 


EFFECT  OF  FOLIC  ACID  ADDITIONS  TO  WEANLING  PIG  DIETS.  M.  D.  Lindemann  and  E.  T. 
Kornegay,  Dept,  of  Animal  Science,  VPI&SLJ,  Blacksburg,  VA  24061.  In  trial  series 
1,  108  pigs  (mean  initial  age:  28  days,  mean  initial  wt:  8.0  kg)  were  utilized 
to  evaluate  the  effects  of  the  addition  of  folic  acid  at  the  rate  of  2  mg/kg  of 
diet  with  and  without  ASP-250  at  the  standard  rate  of  2.5  g/kg  of  diet.  The 
addition  of  folic  acid  to  the  control  diet  depressed  daily  gain,  but  when  added 
in  the  presence  of  ASP -250  it  improved  daily  gain  beyond  that  observed  with 
ASP -250  alone.  The  response  was  mediated  through  alterations  in  feed  intake,  no 
effect  was  observed  on  feed/gain  ratio.  The  second  trial  series  was  conducted 
to  evaluate  the  effects  of  a  lower  inclusion  level  of  folic  acid.  A  total  of 
198  pigs  (mean  initial  age:  28  days,  mean  initial  wt:  8.0  kg)  were  utilized  in 
28  day  studies  to  assess  the  effects  of  0,  .5  and  2  mg  folic  acid/kg  of  diet  ■ 
with  and  without  ASP -250.  The  addition  of  folic  acid  at  2  mg/kg  of  diet  slightly 
increased  daily  gain,  while  .5  mg  folic  acid/kg  of  diet  improved  daily  gain  by 
16%,  ASP -250  alone  improved  daily  gain  over  control  fed  pigs  by  24%  and  the 
combination  of  folic  acid  (.5  mg/kg  diet)  and  ASP-250  improved  daily  gain  27% 
over  control  fed  pigs.  The  response  was  again  mediated  through  alterations  in 
feed  intake.  It  would  appear  that  nursery  pigs  do  have  a  requirement  for 
supplemental  folic  acid. 


POPULATION  STRUCTURE  AND  BEHAVIOR  OF  WHITE=TAILED  DEER  GROUPS  USING  SOYBEAN 
FIELDS.  Linda  A.  Lyon  and  Patrick  F.  Scanlon,  Department  of  Fisheries  and 
Wildlife  Sciences,  Virginia  Polytechnic  Institute  and  State  University, 
Blacksburg,  VA  24061,  As  part  of  a  comprehensive  program  to  study  the  role  of 
the  white-tailed  deer  (Qdocoileus  virginianus)  in  the  soybean  (Glycine  max  L. 
Merrill)  agroecosystem,  deer  were  observed  in  Virginia  soybean  fields  during 
the  1983  and  1984  soybean  growing  seasons.  The  objectives  were  to  determine 
the  sex  and  age  class  structure  of  the  observable  deer  population  using  these 
fields,  and  to  discuss  the  applications  of  this  information  in  developing  crop 
protection  programs.  Total  deer  observed  and  deer  sighted  per  observer-hour 
were  both  greater  in  1983  (199  and  2.1,  respectively)  than  in  1984  (122  and  T.8, 
respectively).  The  number  of  deer  sighted  per  observer-hour  was  related  to 
crop  phenology;  it  was  highest  during  the  early  vegetative  stages  but  decreased 
when  the  soybean  plants  entered  reproductive  growth  stages.  In  1983  fawns  were 
often  sighted,  but  fewwereseen  in  1984.  In  both  years  the  number  of  does 
seen  was  nearly  three  times  the  number  of  bucks.  Management  applications  of  the 
findings  are  discussed.  [Supported  by  the  Virginia  Commission  of  Game  and 
Inland  Fisheries] 
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MULTIFLORA  ROSE  (ROSA  MULTIFLORA  THUNBERG)  IN  VIRGINIA  AND  THE  DISTRIBUTION  OF 
MEGASTIGMUS  ACULEATUS  (SWEDERUS) ,  A  POSSIBLE  BIOLOGICAL  AGENT.  W.  T.  Mays  and 
L.  T.  Kok,  Dept,  of  Entomology,  VPI  &  SU,  Blacksburg,  VA  24061.  The  multiflora 
rose  (Rosa  multiflora  Thunberg)  is  an  introduced  perennial  shrub  which  was 
promoted  by  several  states  and  federal  agencies  for  soil  erosion  control, 
economical  living  fencing  and  wildlife  habitat  improvement  in  the  1940-50 
period.  It  produces  vast  quantities  of  fruit  which  are  effectively  distributed 
by  birds.  Soon  after  its  introduction  this  aggressive  shrub  began  to  encroach 
on  cattle  grazing  land,  crowding  out  desirable  forage  plants,  and  is  now 
considered  a  major  weed  in  pastures  and  highway  embankments.  A  seed  chalcid 
wasp,  Megastigmus  aculeatus  (Swederus)  (Hymenoptera:  Torymidae)  a  parasite  of 
multiflora  rose  seeds,  has  potential  as  a  biological  control  agent.  Multiflora 
achenes  collected  from  58  sites  in  51  western  and  northern  Virginia  counties 
showed  that  M.  aculeatus  was  present  in  all  counties  surveyed  except  Patrick 
and  Frederick.  Infestation  rates  averaged  26%  (range  2  to  59%)  with  6  sites 
exceeding  50%. 


CEREAL  LEAF  BEETLE  INVASION  OF  VIRGINIA  SMALL  GRAINS.  Robert  M.  McPherson, 

E.  Va.  Res.  Sta.,  VPI  &  SU,  Warsaw,  Va.  22572.  The  cereal  leaf  beetle  (CLB) , 
Oulema  melanopus  (L.),  is  a  native  pest  of  cereal  grains  in  Europe.  However, 
this  pest  was  observed  in  Mich,  in  1962  and  its  range  began  rapidly  spreading 
north  and  eastward.  The  first  report  of  CLB  in  Virginia  came  from  Highland 
County  in  June  1969.  It  was  not  until  the  mid  1970 's  that  any  small  grain 
acreage  was  reportedly  sprayed  to  control  CLB  in  the  Commonwealth,  and  these 
infestations  were  located  only  in  the  western  and  northern  regions  of  the  state. 
CLB  populations  rapidly  increased  in  each  succeeding  year  from  1979-82  and 
peaked  in  1982  when  over  63,000  acres  of  wheat  and  barley  were  reportedly 
sprayed  statewide.  An  estimated  $650,000  loss  was  attributed  to  CLB  damage  and/ 
or  control  costs  in  Virginia  in  1982.  Losses  were  higher  in  Virginia  in  1982 
than  in  any  other  state.  Population  levels  have  declined  statewide  in  1983  and 
1984,  when  45,300  acres  and  19,340  acres  were  sprayed,  respectively.  However, 
CLB  population  densities  in  southern  and  southeastern  Virginia  have  been  stead¬ 
ily  rising  during  this  period,  while  populations  in  the  other  areas  have  been 
declining. 

EFFECTS  OF  DEFOLIATION  ON  CORN  DEVELOPMENT  AND  YIELD.  Robert  M.  McPherson, 
Teresa  P.  Hynson,  and  Carl  E.  Kling.  E.  Va.  Res.  Sta.,  VPI  &  SU,  Warsaw,  Va. 
22572.  The  effects  of  late  June  defoliation,  at  levels  of  0,  1/3,  2/3,  or  3/3 
leaf  area  removed,  were  evaluated  on  three  corn  hybrids.  Leaf  removal  during 
this  period  corresponds  to  defoliation  caused  by  adult  cereal  leaf  beetles, 
Oulema  melanopus  (Linn.),  which  are  common  pests  of  corn  in  Va.  In  early 
August,  after  the  plants  had  tasselled,  a  Li-Cor  Li-3000  area  meter  was  used  to 
determine  the  leaf  area  of  each  leaf  of  each  plant  in  each  defoliation  treat¬ 
ment.  The  total  leaf  area  per  plant  was  sign,  different  between  each  of  the 
four  defoliation  levels.  However,  the  areas  for  leaves  10-14  were  not  sign, 
different  between  0,  1/3,  and  2/3,  and  leaves  13  and  14  in  the  3/3  defoliation 
had  the  same  areas  as  the  other  defoliation  levels.  Plant  heights  were  sign, 
different  in  mid-July  but  by  early  Aug.  there  were  no  differences  between  the 
defoliation  levels.  Yields  were  sign,  reduced  below  the  non-defoliated  check 
at  all  three  levels  of  defoliation.  Yields  in  the  defoliated  plots  were 
lowered  both  by  the  absence  of  secondary  ears  plus  a  sign,  reduction  in  weight 
of  the  primary  ears. 
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PREDICTING  COM  EARWORM  INFESTATIONS  IN  VIRGINIA  SOYBEANS.  Robert  M.  McPherson, 
E.  Va.  Res.  Sta.,  VPI  &  SU,  Warsaw,  Va.  22572,  John  C.  Smith,  Tidewater  Res. 
Ctr.,  VPI  &  SU,  Suffolk,  Va.  23437,  and  Daniel  J.  Hilburn,  Dept,  of  Entomol. , 

VPI  &  SU,  Blacksburg,  Va.  24061.  Predicting  the  magnitude  of  corn  earworm  (CEW) , 
Hellothls  zea  (Boddie) ,  infestations  in  soybeans  In  the  three  main  production 
areas  of  Virginia  has  been  attempted  in  each  of  the  past  10  seasons.  The  pre¬ 
diction  is  based  on  three  CEW  monitoring  techniques.  First,  CEW  population 
levels  are  determined  In  field  corn  in  each  of  the  main  production  areas  during 
the  week  of  July  21.  Also  during  late  July  thru  Sept.,  backlight  trap  catches 
of  CEW  moths  are  monitored  dally  at  Warsaw,  Suffolk,  and  Painter  to  measure 
overall  trends  in  moth  activity.  Finally,  CEW  pheromone  traps  are  observed 
daily  during  this  time  in  selected  soybean  fields  to  measure  specific  activity 
in  soybeans.  Predictions  of  whether  CEW  infestations  will  be  light,  moderate 
or  heavy  in  soybeans  based  on  these  techniques  have  been  correct  in  8  of  the 
past  10  years.  The  only  erroneous  forecasts  occurred  in  1977  when  a  heavy 
infestation  was  predicted  but  it  arrived  about  two  weeks  before  anticipated  and 
in  1984  when  a  predicted  moderate  infestation  was  actually  lighter  and  much 
later  than  expected. 


LAST  25  YEARS  OF  PROGRESS  IN  WEANING  PERFORMANCE  OF  TWO  MAJOR  BREEDS  OF  BEEF 
CATTLE  IN  VIRGINIA.  K.  Nadarajah,  T.  J.  Marlowe,  D.  R.  Not ter  and  A.  L.  Eller, 
Jr.,  Dept,  of  Anlm.  Sci. ,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA 
24061,  Weaning  weight  (WWT)  records  of  29,382  Angus  calves  from  13  herds  and 
13,430  Hereford  calves  from  10  herds  on  the  Virginia  Beef  Cattle  Improvement 
program  between  1953  and  1983  were  used  to  evaluate  annual  phenotypic  trends 
for  weaning  weight.  Numbers  of  observations  per  herd  across  all  years  ranged 
from  799  to  8,275  for  Angus  and  from  642  to  2,053  for  Herefords.  Means  and 
standard  deviations  for  WWT  of  Angus  and  Herefords  for  1955  were  164  +  32  and 
174  +  31  kg  and  for  1983  were  204  +  39  and  224  +  41  kg,  respectively.  Estimates 
of  Intraherd  phenotypic  regression  of  WWT  on  year  ranged  from  -.34  +  .50  to  2,15 
+  ,31  kg/yr  among  herds  in  Angus.  The  pooled  estimate  over  all  herds  was  1.0  + 
.1  kg/yr  for  this  breed.  Corresponding  regression  estimates  for  Herefords 
ranged  from  -1,80  +  .21  to  3.07  +  .27  kg/yr  among  herds;  the  pooled  estimate 
over  all  herds  was  .88  +  .21  kg/yr.  Regression  estimates  obtained  using  least- 
squares  constants  for  years  for  WWT  after  adjustment  for  age  of  dam,  sex  and 
age  of  the  calf  at  weaning  showed  an  annual  trend  of  .75  +  *11  kg/yr  in  Angus 
and  ,50  +  .17  kg/yr  in  Herefords  for  weaning  weights. 


AMBROSIA  BEETLES  IN  VIRGINIA  VINEYARDS.  Douglas  G.  Pfeiffer,  Dept,  of  Entomol., 
Shenandoah  Val,  Res.  Stn. ,  VPI&SU,  Steeles  Tavern,  VA  24476.  Ambrosia  beetles 
(Coleoptera:  Scolytidae)  have  been  found  attacking  grape  vines  in  commercial 
vineyards  in  recent  years.  Attack  by  adult  beetles  occurs  in  mid  to  late  April. 
In  a  successful  attack,  beetles  turned  into  vine  trunks  perpendicular  to  the 
trunk.  The  tunnel  may  change  course  when  it  reaches  the  hard  inner  pith. 
Evidence  of  attack  includes  a  copious  flow  of  sap  originating  from  a  hole  ca. 

1  mm  in  diameter.  The  soil  surrounding  the  trunk  may  wet  for  several  centi¬ 
meters.  A  vigorous  vine  may  be  able  to  repel  the  attack.  Beetles  have  been 
seen  apparently  being  forced  out  of  the  incipient  burrow  by  the  sap  flow.  The 
economic  Importance  of  ambrosia  beetles  is  not  clear  at  this  time.  The  damage 
may  be  significant,  however,  in  light  of  the  propensity  of  Agrobacterium 
tumefaclens,  the  causal  agent  of  crown  gall,  to  invade  trunk  wounds.  The  sym¬ 
biotic  fungus  inoculated  by  the  beetle  as  a  food  source  for  larvae  is  not  known 
to  be  pathogenic  to  the  host  plant. 
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EFFECT  OF  SEED  SIZE  ON  EMERGENCE,  YIELD  AND  QUALITY  OF  SOYBEANS.  P.  H.  Reid, 
Tidewater  Research  Center,  VA  Polytechnic  Inst.  &  State  Univ.,  Suffolk,  VA  23  437. 
The  question  of  whether  or  not  it  is  beneficial  to  size  soybean  seed  is  of  long 
standing.  It  is  also  questionable  whether  or  not  large  or  small  seed  is  more 
vigorous.  Some  scientists  maintain  that  small  seeded  varieties  emerge  more 
rapidly  and  perform  better  than  varieties  with  large  seed.  In  1983  three 
varieties  with  widely  different  seed  sizes  were  selected.  The  smallest  1/3  and 
the  largest  1/3  of  each  seed  lot  were  compared  in  performance  with  the  ungraded 
lots.  Yield  of  the  large  seed  was  greater  than  the  small  seed  or  the  ungraded 
seed  when  planted  full  season.  When  planted  late  after  a  wheat  harvest,  the 
large  seed  did  not  show  that  advantage.  There  was  no  significant  difference  in 
lodging,  plant  height,  height  of  the  first  pod  bearing  node,  seed  size,  nor 
seed  quality  due  to  the  size  of  the  seed,  although  there  were  variety  differ¬ 
ences  as  anticipated.  These  results  are  very  preliminary  and  further  tests 
are  in  progress. 


INTENSIVE  MANAGEMENT  STUDIES  WITH  CORN.  P.  H.  Reid,  F.  S.  Wright*,  USDA  ARS, 
Tidewater  Research  Center,  VA  Polytechnic  Inst.  &  State  Univ.,  Suffolk,  VA  23437 
and  D.  L.  Hal  lock,  retired.  To  attain  high  yields  and  thereby  reduce  the  unit 
cost  of  production^farmers  must  make  every  effort  to  remove  all  controllable 
limiting  factors  in  the  production  of  crops.  Previous  research  has  been  direct¬ 
ed  toward  single  factor  research  while  maintaining  a  constant  environment.  In 
these  intensively  managed  studies  all  known  growth  factors  are  supplied  in 
amounts  extrapolated  to  be  sufficient  to  produce  300  bu/a  of  corn.  Moisture 
stress  is  the  first  limiting  factor  in  corn  production.  Yields  were  increased 
from  109  bu/a  to  245  bu/a  in  1983.  Yields  were  increased  24  bu/a  in  a  no-till 
environment  over  conventional  tillage  in  the  seedbed  preparation.  Decreasing 
the  row  width  from  20  inches  to  15  inches  resulted  in  a  statistically  insignif¬ 
icant  response  of  4  bu/a.  Yields  in  1984  were  well  below  earlier  yields,  pro¬ 
bably  as  a  result  of  compaction  and  excessive  population.  Economic  analysis  of 
the  data  indicate  that  farmers  would  have  had  to  receive  at  least  $3.50/bu  to 
break  even  in  1983  by  conventional  practice,  whereas  a  net  return  of  $678/a 
could  be  received  from  the  best  practices  employed  in  this  test.  The  low 
yields  of  1984,  however,  clearly  show  that  the  failure  to  control  even  one 
factor  will  result  in  a  serious  yield  loss. 


INTENSIVE  MANAGEMENT  STUDIES  WITH  SOYBEANS.  P.  H.  REID,  F.  S.  Wright*,  USDA  ARS, 
P.  M.  Phipps,  J.  C.  Smith,  Tidewater  Research  Center,  VA  Polytechnic  Inst.  & 
State  Univ.,  Suffolk,  VA  23437  and  D.  L.  Hallock,  Retired.  Statistically  signi¬ 
ficant  responses  to  no-till  planting  over  conventionally  prepared  seed  bed, 
fertilization,  population  control,  and  row  width  have  been  obtained  in  three  out 
of  four  years  study.  Generally  low  yields  were  obtained  in  1984.  The  low 
yields  were  thought  to  be  the  result  of  excessive  lodging,  induced  by  very  rapid 
and  prolific  growth  early  in  the  season.  In  four  years  study,  responses  to 
irrigation  was  obtained  in  only  one  year,  1983,  which  was  extremely  dry.  Even 
in  that  year,  the  response  was  only  17  bu/a.  Assuming  an  average  cost  of  $100 
per  acre  to  own  and  operate  an  irrigation  system  it  seems  highly  doubtful  that 
irrigation  on  the  soybean  crop  is  economically  feasible.  The  factors  that  have 
consistently  given  economically  sound  responses,  namely,  no-till  planting,  row 
width  control  and  population  control  are  all  considerations  in  wise  water  man¬ 
agement.  No  response  has  been  obtained  from  the  application  of  fungicides  for 
the  control  of  disease.  The  calculated  cost  of  production  has  varied  from 
$4.00/bu  to  over  $8.00/bu  based  on  the  inputs.  Management  is  of  prime  impor¬ 
tance  in  soybean  production. 
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FACE  FLY,  MUSCA  AUTUMNALIS  DEGEER,  AND  HORN  FLY,  HAEMATOBIA  IRRITANS  (LINNAEUS) 
(DIPTERA  :  MUSCIDAE) ,  CONTROL  ON  BEEF  CATTLE  WITH  THREE  FORMULATIONS  OF 
guardian’^  7.5%  EAR  TAGS.  James  E.  Roberts ,  Sr.  and  Michael  A.  Saluta*,  Dept, 
of  Entomology,  VPI&SU,  Blacksburg,  VA  24061.  Three  formulations  of  Guardian 
7.5%  ear  tags  (2  per  animal)  were  evaluated  for  fly  control  on  separate  beef 
cattle  herds,  Jun.  -  Sep.,  1984  In  Montgomery  Co.,  VA.  Comparative  efficacy 
was  based  on  herds  treated  with  Ectrin™  8.0%  ear  tags  and  Permectrin™  10.0%  ear 
strips  (2  per  animal)  and  an  untreated  control  herd.  The  range  of  face  fly 
control  resulting  from  all  formulations  of  the  Guardian  ear  tags  was  22.4%  - 
95.8%  during  a  12  week  period.  The  Ectrin  ear  tags  and  Permectrin  ear  strips 
resulted  in  ^59.3%  control  of  face  flies  (except  Ectrin,  Weeks  2  and  12).  Horn 
fly  control  for  all  treatments  resulted  in  ^87.9%.  All  ear  tags,  except  1 
Guardian  tag,  remained  intact  during  the  trial  period. 

LONGNOSED  CATTLE  LOUSE,  LINOGNATHUS  VITULI  (LINNAEUS)  (ANOPLURA  J  LINOGNATHIDAE) 
CONTROL  ON  DAIRY  CATTLE  WITH  AMERICAN  CYANAMID  EXPERIMENTAL  LEVAMISOLE/FAMPHUR 
ORAL  PASTE.  James  E.  Roberts,  Sr.  and  Michael  A.  Saluta*,  Dept,  of  Entomology, 
VPI&SU,  Blacksburg,  VA  24061.  Four  separate  groups  of  dairy  cattle  were  ad¬ 
ministered  famphur  treatments  orally  in  combination  with  levamisole  in  Mar. , 

1984  in  Montgomery  Co.,  VA.  Four  groups  received  a  paste  formulation  of  famphur 
/levamisole  with  0%,  14.4%,  21.6%,  and  28.8%  famphur,  and  5.75%  levamisole  in 
each.  The  0%  famphur  group  served  as  a  placebo  control.  A  standard  fifth 
group  received  11.5%  Tramisol®  Gel  plus  13.2%  Warbex®  Pour-On.  All  treatments 
were  evaluated  for  control  of  the  longnosed  cattle  louse.  The  14.4%,  21.6%, 
and  28.8%  famphur  concentrations  all  resulted  in  100%  control  of  lice  after  the 
fourth  day  post-treatment.  The  standard  Tramisol/Warbex  treatment  also  result¬ 
ed  in  100%  control  of  lice.  Slight  reinfestations  occured  on  2  treated  animals 
after  4  weeks.  The  placebo  control  group  maintained  a  moderate  infestation 
throughout  the  trial  period. 


TRUE  ARMYWORM,  PSEUDALETIA  UNIPUNCTA  (HAWORTH)  (LEPIDOPTERA  :  NOCTUIDAE) ,  CON¬ 
TROL  IN  NO-TILL  FIELD  CORN  WITH  PRE-EMERGENCE  INSECTICIDE  TREAlMENTS.  James  E. 
Roberts,  Sr.  and  Michael  A.  Saluta*,  Dept,  of  Entomology,  VPI&SU,  Blacksburg, 

VA  24061.  Arano®  2. SEC,  Lorsban™  4E,  Pounce®  3.2EC,  Pydrin®  2.4EC,  Toxaphene® 
6E,  Trithion®  8E,  and  2  experimental  compounds,  FMC  54800  2EC  and  ICI  PP  321  lE 
were  individually  tank-mixed  with  recommended  herbicides  and  30%  liquid  nitro¬ 
gen  and  applied  to  a  rye  cover  crop  prior  to  no-till  planting  of  field  corn. 

The  plots,  located  in  Bedford  Co.,  VA,  were  established  in  a  randomized  com¬ 
plete  block  design  measuring  4  rows  by  50  ft,  and  replicated  4  times.  All 
treatments  resulted  in  having  significantly  less  true  arayworm  injury  than  the 
untreated  control  (P=0.05).  No  significance  between  treatments  was  indicated. 
Yield  differences  were  nonsignificant  (P=0.05). 


MONITORING  PARASITES  OF  THE  OAK  LECANIUM  SCALE  WITH  YELLOW  STICKY  TRAPS.  Peter 
B,  Schultz,  Va.  Truck  and  Ornamentals  Research  Station,  Va.  Beach,  VA  23455. 

The  oak  lecanium,  Parthenolecanlum  querclfex  (Fitch)  is  a  major  pest  of  oak 
trees  in  eastern  Virginia.  High  populations  severely  reduce  vitality,  weaken 
the  tree,  and  cause  branch  or  crown  dieback.  Heavy  amounts  of  honeydew  are 
excreted  which  result  in  sooty  mold  formation  on  the  foliage  and  beneath  infest¬ 
ed  trees.  Yellow  sticky  traps  have  been  found  to  be  an  effective  method  of 
monitoring  the  levels  of  oak  lecanium  parasites  in  the  tree  canopy.  Five 
species  of  parasites  of  oak  lecanium  were  identified:  Coccophagus  lycimnia, 
(Hym; Aphelinidae)  Eunotus  lividus,  (Hym: Pteromalidae) ,  Encyrtus  fuscus,  (Hym: 
Encyrtidae),  Blastothrix  sp.  (Hym:Encyrtidae) ,  and  Pachyneuron  altiscutum, 

(Hym; Pteromalidae) .  Since  peak  levels  of  parasites  were  found  shortly  after 
oak  lecanium  egg  hatch  in  early  June,  it  is  recommended  that  insecticide  sprays 
for  control  of  oak  lecanium  be  delayed  until  mid-June  to  minimize  damage  to 
these  natural  enemies. 
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POPULATION  DYNAMICS  OF  INSECTS  IN  VARIETY  X  ROW  SPACING  X  PLANTING  DATE  EXPERI¬ 
MENTS  WITH  SOYBEANS  IN  1984.  J.  C.  Smith,  P.  H.  Reid,  Tidewater  Res.  Ctr. ,  VPI& 
SU,  J.  L.  Steele,  Tidewater  Res.  Ctr.,  USDA-ARS,  Suffolk,  VA  23437  and  R.  M. 
McPherson,  E.  VA.  Res.  Sta.,  VPI&SU,  Warsaw,  VA  22572.  Seven  commercial  soybean 
cultivars  and  an  insect-resistant  breeding  line  were  tested  for  insect  suscepta- 
bility  to  pod  and  foliage  feeding  when  planted  in  lO-inch  and  40-inch  rows  at 
two  planting  dates  at  Suffolk  and  Montross,  VA.  Cultivars  tested  were  Essex, 
York,  Bay,  Centenial,  Lee  74,  Duo  Crop,  Ransom  and  D^g-IOISD.  Corn  earworm 
larvae  (CEW),  beanleaf  beetle  adults  (BLB)  and  green  cloverworms  (GCW)  were  the 
primary  defoliators.  CEW  and  stink  bugs  (SB)  were  the  primary  pod  feeders.  CEW 
and  BLB  populations  were  highest  at  Suffolk,  and  %  injured  pods  were  corre¬ 
spondingly  high.  Centenial,  Lee  74  and  Ransom  cultivars  had  significantly  more 
CEW  larvae  than  the  other  lines.  Bay,  Lee  74  and  Ransom  had  significantly  more 
CEW-injured  pods  than  the  resistant  line  D75-IOI69.  York  and  Lee  79  had 
significantly  less  numbers  of  BLB  than  Centenial  and  Duo  Crop.  Bay  and  Essex 
had  significantly  less  BLB-injury  than  D75-IOI69.  Predaceous  arthropods  in¬ 
cluding  spiders,  nabids,  geocorids,  minute  pirate  bugs,  lady  beetles  and  lace- 
wings  were  counted  during  the  insect  surveys.  Spiders,  nabids  and  geocorids 
were  the  most  numerous  predators. 


SOUTHERN  CORN  ROOTWORM  INJURY  IN  PEANUTS  TREATED  WITH  VARIOUS  COMBINATIONS  OF 
PLANTING-TIME  AND  PEGGING-TIME  INSECTICIDES.  J.  C.  Smi th  and  J.  L.  Steele. 
Tidewater  Res.  Ctr.,  VPI&SU  and  USDA-ARS,  respectively.  Suffolk,  VA  23437. 
Combinations  of  planting-time  systemic  insecticides,  carbofuran,  aldicarb, 
phorate  and  disulfoton  0  1.12  kg/ha  as  in-furrow  treatments  and  fenamiphos  and 
aldicarb  @  2.24  kg/ha  as  pre-plant  band  treatments  were  applied  in  all 
combinations  with  fonofos,  phorate,  carbofuran  and  chlorpyriphos  O  2.24  kg/ha 
and  ethoprop  0  2.8  kg/ha  as  pegging-time  band  treatments  in  field  tests  on  VA 
61 R  and  FI ori giant  variety  peanuts.  Data  were  collected  on  %  southern  corn 
rootworm  (Diabrotica  undecimpunctata  howardi  Barber)  injured  pods,  pod  yield 
and  value/hectare.  All  pegging-time  chemicals  effectively  controlled  rootworms. 
Planting-time  chemicals  did  not  enhance  rootworm  control.  Planting-time 
applications  with  the  untreated  conditions  at  pegging  allowed  more  rootworm 
injury  than  the  untreated  condition  at  both  planting  and  pegging. 


ARTHROPODS  ASSOCIATED  WITH  MINIMUM-TILLAGE  PEANUT  PRODUCTION  IN  VIRGINIA.  J.  C. 
Smi  th  and  F.  S.  Wright,  Tidewater  Res.  Ctr.,  VPI&SU  and  USDA-ARS,  respectively. 
Suffolk,  VA  23437.  Arthropods  associated  with  minimum-tillage  and  conventional 
peanut  production  systems  were  determined  in  1983  and  1984  by  sifting  soil 
samples  from  fields  with  the  various  types  of  production  systems.  In  addition, 

%  southern  corn  rootworm  injured  pods,  %  maturity,  number  of  peanuts/sample  and 
pod  yield  were  determined.  Soil -borne  arthropods  included  insects  of  the  Order: 
Coleoptera,  Family:  Scarabaei dae ,  Species:  Pompillia  japonica  Newman  and 
Cotinus  nitida  (Linn.);  Family:  Elateridae,  Species:  Conoderus  falli  Lane, 

C.  li Vidus  (DeGeer),  4.  vespertinus  (F.),  auri tus  ( Herbs t)  and  Melanotus  sp; 
Family:  Cantharidae,  Species;  Chaul iognathus  sp.;  Order:  Diptera,  Family: 
Otitidae,  Dolicopodide,  and  Therevidae;  Order:  Hemiptera,  Family:  Cydnidae  and 
a  few  unidentified  specimens  of  centipedes. 

Populations  of  El  ate  rids  (wi reworms)  and  Dipterans  (maggots)  were  highest 
in  minimum-ti 1  led  peanuts.  Cydnidae  (burrowing  bugs)  were  found  only  in 
chemical ly-untreated,  minimum-tillage  plots.  Cantharids  (soldier  beetle  larvae) 
were  found  in  both  treated  and  untreated  conventional  plots  and  in  band-tilled, 
treated  plots.  Yields  were  significantly  lower  in  minimum-tilled  plots  than  in 
conventionally-tilled  plots. 
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INTEGRATION  OF  HERBICIDE  AND  ROSETTE  WEEVIL  FOR  CONTROL  OF  CARDUUS  THISTLES. 

T.  L.  Stoyer  and  L.  T.  Kok,  Dept,  of  Entomology,  VPI  &  SU,  Blacksburg,  VA  24061. 
The  feasibility  of  integrating  biological  control  by  Trichosirocalus  horrldus 
(Coleoptera:  Curculionidae)  with  sublethal  dosages  of  2,4-D  was  investigated 
through  larval  inoculation  into  treated  thistles  and  adult  response  to  treated 
plants.  Reduced  dosages  of  2,4-D  on  musk  thistle  (Carduus  thoermeri)  and  plume¬ 
less  thistle  (^.  acan thoides)  were  first  conducted  to  obtain  a  threshold  level 
of  herbicide  which  would  allow  sufficient  plant  survival  time  for  development  of 
T’  horridus  larvae  in  the  plant  center.  When  the  weevil  and  the  selected  herbi¬ 
cide  dosage  were  combined,  decreased  thistle  survival  and  the  favorable  response 
of  the  weevil  to  reduced  herbicide  dosages  indicated  that  integration  is  prac¬ 
tical.  Such  integration  reduces  the  environmental  threat  Inherent  in  heavy- 
herbicide  use  while  retaining  the  immdediate  effects  of  chemical  control  and 
enhancing  the  long-term  benefits  of  biological  control. 

HILLSIDE  SLOPED  FARROWING  PENS  COMPARED  TO  A  CONVENTIONAL  CRATE  SYSTEM,  II. 
POSTPARTUM  SOW  BEHAVIOR  PRIOR  TO  WEANING.  L.  A.  Sweet-^y  E.  D.  Bonne tte,  E.T. 
Kornegay  and  E.  R.  Collins,  Jr.  Depts.  of  Anim.  Sci.  and  Ag.  Eng.,  VPI  &  SU, 
Blacksburg,  VA  24061.  Sow's  behavior  was  compared  among  53  sows  housed  in 
either  a  14%  sloped  floor  pen  or  a  conventional  farrowing  crate.  Time  lapse 
photography  (2.5  min  intervals)  was  used  to  observe  the  sows  positions.  Data 
was  calculated  as  a  percentage  of  time  or  number  of  changes  from  a  certain 
position.  No  differences  were  found  in  the  standing  or  squatting  position 
between  the  two  systems.  However,  sows  in  crates  spent  more  time  in  and  changed 
more  often  from  the  sitting  position  (3.86  vs  0.87  and  8.71  vs  2.95,  respect¬ 
fully).  Sows  in  pens  were  found  to  spend  a  greater  percentage  of  time  stan¬ 
ding,  eating  and  drinking  and  changed  from  that  position  more  (11.63  vs  8.86 
and  22.50  vs  14.73,  respectfully).  The  sows  in  the  pens  also  changed  more 
from  the  laying  down  positions  (42.21  vs  24.92),  but  no  differences  were  found 
between  the  systems  in  the  number  of  changes  while  in  a  not  laying  down  posi¬ 
tion.  Therefore,  these  data  suggest  that  the  sloped  floor  pens  allow  an 
increased  amount  of  movement  compared  to  the  conventional  crates  due  to  the 
increased  space  available. 


INVOLVEMENT  OF  FeS04,  FERREDOXIN,  AND  ASCORBATE  ON  FREE  RADICAL  PRODUCTION  IN  PEA 
CHLOROPLASTS .  ^.L.  Upham  &  K.K.  Hatzlos,  Dept.  Plant  Path.,  Physiol.  &  Weed  Sci., 
VPI  &  SU,  Blacksburg,  VA  24061.  Illuminated  chloroplasts  produce  superoxide  ion 
(05)  which  dismutates  to  hydrogen  peroxide  (H2O2).  H2O2  reacts  with  transition 
metals  to  form  the  highly  reactive  hydroxyl  radical  (OH*).  OH*  can  react  with  un¬ 
saturated  fatty  acids  initiating  organic  radical  chain  reactions  which  can  cause 
cell  membrane  damage.  In  the  present  study,  we  investigated  the  involvement  of 
ascorbate  (Asc),  FeS04,  and  ferredoxln  (Fd)  in  OH*  and  organic  radical  production 
in  broken  pea  chloroplasts.  Methional  was  used  to  detect  the  radicals  since  it  is 
reduced  by  them  to  ethylene  (C2H4),  which  can  be  detected  by  gas  chromatography 
techniques.  Asc,  FeSO^,  and  Asc+FeSO/^  caused  a  3“fold  increase  in  C2H4  synthesis. 
Asc  probably  reduced  endogenous  ferrous  ions  since  it  could  catalyze  free  radical 
production  similarly  to  FeS04  and  did  not  interact  synerglstlcally  with  FeS04. 

Fd  caused  a  2-fold  increase  in  C2H4  production,  Fd+FeS04  caused  a  4-fold  increa¬ 
se  in  C2H4  production  in  the  presence  or  absence  of  Asc.  Superoxide  dlsmutase 
stimulated  the  oxidation  of  methional  by  1.5-2-fold  with  or  without  Fd.  Catalase 
inhibited  C2H4  synthesis  by  50%,  indicating  that  H2O2  is  probably  a  precursor  of 
free  radicals  formed,  Asc  reversed  the  effect  of  catalase,  indicating  that  Asc 
and  O2  without  H2O2  are  able  to  form  radicals  by  oxidizing  methional. 
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SEASONAL  (CYCLIC)  CHLOROSIS  IN  ENVIRONMENTALLY  STRESSED  EASTERN  WHITE  PINE 
(Pinus  strobus)  IN  THE  VIRGINIA  HIGHLANDS.  M.  J.  Weaver  and  R.  J.  Stipes, 
Virginia  Tech,  Blacksburg,  VA  24061.  As  a  diagnostic  (etIologTc)  component 
of  a  long-term,  comprehensive  study  of  factors  associated  with  the  decline  of 
Eastern  white  pine  (Pinus  strobus)  In  the  Virginia  highlands,  we  observed  the 
comparative  seasonal  fluctuation  of  leaf  (needle)  color  in  1-  and  2-year-old 
stems  on  "unstressed"  trees  in  natural  habitats,  and  on  "stressed"  trees  on 
landscapes  around  man-made  structures.  The  categorizations  of  "unstressed" 
and  "stressed"  trees  were  determined  by  a  comprehensive  indexing  system  in 
which  a  large  number  of  abiotic  (primarily  soil:pH,  compaction,  composition, 
rhizosphere  limitation)  and  biotic  components  (microorganisms)  were  associated 
with  apparently  healthy  ("unstressed")  and  declining  ("stressed")  white  pines. 
Composite  needle  samples  were  collected  for  a  year  from  trees  and  scored, 
using  a  Munsel 1  color  rating  scale  to  detect  monthly  changes  in  color.  Al¬ 
though  some  color  fluctuations  were  associated  with  "unstressed"  trees,  with 
the  color  remaining  primarily  in  the  blue-green  range,  "stressed"  trees  became 
dramatically  chlorotic  (yellow)  in  winter  and  greener  in  summer;  chlorosis 
generally  portended  decline  and  death.  We  have  observed  this  phenomenon  on 
other  conifers  also. 


FIELD  ACTIVITY  OF  LIRIOMYZA  SPECIES  LEAFMINERS  IN  VEGETABLE  CROPS.  Geoffrey  W. 
Zehnder,  Va.  Truck  and  Ornamentals  Res.  Station,  Painter,  Va.  23420.  Host  pre¬ 
ferences  and  field  activity  patterns  of  Liriomyza  sativae  Blanchard,  tri - 
fol i i  (Burgess)  (Diptera:  Agromyzidae) ,  and  associated  parasite  species  were 
evaluated  in  tomato  and  celery  fields  during  1981  and  1982  in  Orange  County, 
Calif.  sativae  was  the  predominant  leafminer  species  reared  from  tomatoes 
while  trifol i i  demonstrated  a  significant  preference  for  celery.  Host  or 
habitat  preferences  were  observed  for  two  associated  parasite  species.  Leaf- 
miner  flight  activity  was  diurnal  in  staked  tomatoes  with  no  differences  in 
diel  activity  patterns  between  species.  Spatial  activity  differed  between 
species  with  most  sativae  trapped  at  the  middle  plant  height  while  L.  tri¬ 
fol  i i  were  most  abundant  at  the  low  plant  height. 


Astronomy,  Mathematics,  and  Physics 

TIME  AVERAGE  HOLOGRAPHIC  TECHNIQUE  ON  THE  STUDY  OF  SINUSOIDAL  MULTIMODE 
VIBRATION  OF  A  STRING  VIBRATOR,  Y.  P.  Hwu,  R.  L.  Andrews ,  Barry  Brown, 

Wytheville  Community  College,  Wytheville,  VA  24382.  Single  beam  time 
average  holographic  technique  has  been  applied  as  an  example  to  study  the 
multimode  mechanical  vibration  resonance  of  a  string  vibrator. 

After  the  film  was  exposed  and  processed,  the  fringes  on  the  image  of  the 
vibrator  can  be  counted.  The  fri nop  number  and  frequency  relation  demonstrates 
the  multimode  resonance. 

CHAOTIC  DYNAMICS  IN  A  SIMPLE  DETERMINISTIC  SYSTEM.  M.  Bailey,  T.  Johnson, 

R.  Meredith,  T.  Turner,  E.  Remler,  Dept,  of  Physics,  College  of  William  and  Mary, 
Williamsburg,  VA  23185.  As  an  undergraduate  class  project  on  simulations  of 
physical  systems  using  an  IBM-PC  and  compiled  BASIC,  we  have  investigated  a  new 
two  dimensional  classical  "billiard".  The  method  of  Poincare  plots  allows  one 
to  simply  display  the  global  properties  of  the  system  which  appear  as  maps  with 
"seas"  of  chaotic  motion  between  "continents"  of  regular  motion.  We  trace  the 
variation  of  these  maps  as  the  billiard’s  boundary  is  varied  and  show  how 
features  of  a  map  are  related  to  spatial  plots  of  the  system's  motion.  These 
maps  make  manifest  part  of  the  great  beauty  of  classical  mechanics  and  provide 
undergraduates  stimulating  and  relatively  easy  access  to  a  major  area  of  current 
research. 
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SILICON  DOUBLE  INJECTION  DEVICES  FOR  HIGH  TEMPERATURE  ENVIRONMENTS.*  George 
Becknell  &  W.  T.  Joyner,  Dept,  of  Phys.,  Hampden- Sydney  College,  Hampden-Sydney , 
Va.,  23943.  Deep  traps  added  by  gold  diffusion  into  silicon  suppress  tempera¬ 
ture  effects  and  allow  operation  at  elevated  temperatures.  Lower  initial 
resistivity  values  lead  to  higher  temperature  limits,  so  long  as  the  additional 
carriers  can  be  compensated  out  by  the  traps.  With  present  techniques,  1  ohm-cm 
is  about  the  limit,  resulting  in  devices  which  can  operate  near  400  C.  Results 
will  be  presented  on  both  planar  and  vertical  (two-sided)  devices.  Commercial 
germanium  and  silicon  devices  of  similar  properties  will  be  compared. 

^Supported  in  part  by  a  grant  from  NASA. 


FRICTIONAL  SPECTATOR  INTERACTION  EFFECTS  IN  RELATIVISTIC  ARGON  FRAGMENTATION 
BY  CARBON. 

Francis  A.  Cucinotta,*  Physics  Dept.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508, 
lienee  W”Townsend*,  NASA  Langley  Res.  Ctr,,  Hampton,  Va.  23665,  &  John  W. 
Norbury,*  Physics  Dept.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 

Utilizing  an  optical  potential,  abrasion-ablation  fragmentation  model, 
isotopic  cross  sections  for  fragments  produced  in  the  collision  of  213 
MeV/nucleon  argon  projectiles  with  carbon  targets  are  calculated  and  compared 
with  experimental  measurements  from  the  Lawrence  Berkeley  Laboratory. 

Frictional  spectator  interactions  are  included  in  the  theory  and  the 
resultant  effects  on  predicted  cross  sections  discussed.  (Supported  by  NASA 
Grant  No.  NCCI-42.) 

SEMICLASSICAL  CALCULATIONS  OF  WAVE-FUNCTIONS .  S.  K.  Knudson  and  J.  B.  Delos, 
Dept,  of  Physics,  College  of  William  and  Mary,  Williamsburg,  VA  23105-  The 
semiclassical  or  WKB  approximation  has  long  been  a  very  useful  method  for  con¬ 
structing  solutions  to  ordinary  differential  equations.  However,  when  the  me¬ 
thod  is  extended  to  partial  differential  equations  with  two  or  three  variables, 
many  difficulties  arise.  These  problems  have  recently  been  solved,  and  now 
there  is  a  systematic  technique  for  calculating  wave-functions  by  first  comput¬ 
ing  an  associated  field  of  classical  trajectories.  We  present  the  first  calcu¬ 
lations  of  this  type.  We  consider  two-body  scattering  with  a  Morse  interaction; 
trajectories  are  computed,  together  with  Hamilton's  principal  function  S(q),  a 
density  function,  p(q)  and  a  Maslov  index  y.  In  "regular"  regions  the  wave 
function  is  a  simi  of  terms 

|p(q)|  ^  exp  i[S(q)- yTr/2]/di. 

Singular  regions  are  treated  by  transformation  to  a  suitably  chosen  momentima 
space. 


CONSTRUCTION  OF  A  MULTIDIMENSIONAL  POTENTIAL  ENERGY  SURFACE  FROM  AN  ENERGY 
SPECTRUM.  R.  L.  Waterland  and  J.  B.  Delos,  Dept,  of  Physics,  College  of  William 
and  Mary,  Williamsburg,  VA  23185-  A  method  for  the  systematic  construction  of 
a  multidimensional  potential  energy  surface  from  an  energy  spectrum  is  pre¬ 
sented.  We  show  that  if  the  Hamiltonian  and  the  energy  spectrum  satisfy  certain 
conditions  then  there  is  an  inversion  technique  which  gives  a  potential  energy 
function  from  the  spectrum.  The  method  proceeds  via  a  sequence  of  canonical 
transformations  and  leads  to  a  potential  energy  which  is  symmetric  in  all  its 
variables.  We  test  the  procedure  for  one-and  two-dimensional  examples  and  show 
that  it  gives  reasonable  results.  However,  the  method  does  not  give  a  unique 
result  and  we  discuss  two  types  of  nonuniqueness  exhibited  by  the  procedure. 
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MICROWATT  MEMORY  ELEMENTS  WITH  GIGARAD(Si)  RADIATION  TOLERANCE.*  John  M.  A. 
Donelson  &  W.  T.  Joyner^  Dept,  of  Phys.,  Hampden- Sydney  Clg.,  Hampden- Sydney , 

Va. ,  23943.  Double  injection  deep  impurity  devices  have  been  made  with  thresh¬ 
old  currents  in  the  microampere  region  with  holding  voltages  of  a  few  volts. 
Dimensions  are  in  the  few  mil  region,  so  that  downward  scaling  is  not  difficult. 
Utilizing  the  high  conductance  regime  as  the  *’on"  state  and  the  low  conductance 
regime  as  the  "off”  state,  memory  devices  can  be  made  to  withstand  radiation 
levels  several  orders  of  magnitude  higher  than  p-n  junction  devices.  Devices 
operating  on  a  few  microwatts  will  be  demonstrated,  and  possibilities  for 
extrapolation  to  lower  power  levels  discussed. 

*Supported  in  part  by  a  grant  from  NASA. 


COLLISIONS  OF  NEGATIVE  IONS  WITH  ATOMS.  M.  L.  Du  and  J .  B.  Delos,  Dept,  of 
Physics,  College  of  William  and  Mary,  Williamsburg,  VA  23185.  A  theory  of 
electron  detachment  in  collisions  of  negative  ions  with  atoms,  A”  +  B->-A  +  B+e  , 
has  been  developed.  The  theory  is  based  upon  the  close -coupling  scheme,  which 
in  principle  leads  to  an  infinite  set  of  coupled  differential  equations.  These 
equations  are  reduced  to  a  single  integral  equation  for  a  function  ^(t),  which 
we  call  a  "dynamical  complex  potential."  The  integral  equation  can  be  solved 
by  an  iterative  method,  and  from  the  function  S(t),  all  observable  cross- 
sections  can  be  calculated  easily.  Preliminary  results  for  the  system 
H”  +  He^H  +  He+e  will  be  presented. 

CEBAF;  A  MICROSCOPE  FOR  THE  NUCLEUS.  Franz  Gross,  CEBAF,  12070  Jefferson  Ave., 
Newport  News,  VA  23606.  The  4  billion  electron  volt  (GeV)  Continuous  Electron 
Beam  Accelerator  Facility  (CEBAF)  will  be  a  unique  world  center  for  the  study  of 
nuclear  physics.  The  facility  is  like  a  giant  electron  microscope;  Its  high 
energy  continuous  electron  beam  will  enable  nuclear  physicists  to  study  the 
structure  of  nuclei  down  to  distances  of  one  tenth  of  the  diameter  of  a  neutron 
or  proton.  At  these  distances,  we  hope  to  be  able  to  "see*’  the  quarks  out  of 
which  neutrons  and  protons  are  made,  and  to  study  their  role  in  the  structure  of 
nuclei  and  nuclear  matter,  A  large  program  of  experiments  have  already  been 
planned,  Including  measurements  of  nuclear  wave  functions,  two  particle  correla¬ 
tions,  strange  and  rare  nuclear  states,  excited  states  of  mesons  and  nucleons, 
and  the  weak  interactions.  The  project,  which  is  currently  receiving  R&D  funds 
from  the  Department  of  Energy  and  support  from  the  Commonwealth  of  Virginia,  has 
been  given  the  highest  priority  for  the  next  major  construction  project  by  the 
US  community  of  nuclear  scientists.  It  is  to  be  constructed  at  the  former  site 
of  the  Virginia  Associated  Research  Campus  (VARC)  and  the  Space  Radiation  Ef¬ 
fects  Laboratory  (SREL).  It  will  be  managed  by  the  Southeastern  Universities 
Research  Association  (SURA),  a  consortium  of  34  Southeastern  universities  incor¬ 
porated  in  the  Commonwealth  of  Virginia. 


A  FEW  MICROCOMPUTER  PROGRAMS  ON  TEACHING  COLLEGE  PHYSICS,  Y.  P.Hwu,  Jay  Chou, 
M.  A.  H1 11 ,  Tony  Atwel 1 ,  Wytheville  Community  College,  Wytheville,  VA  24382. 
Programs  on  Random  Distribution,  complex  number  approach  to  simple  AC  circuit. 
Inverse  Matrix,  Fermat  principle,  Thevenin's  Theorem  and  others  has  been 
written  and  used  in  non-calculus  sophomore  physics  lecture  and  lab. 
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POSITIVE  liUONS  IN  METALS.  Bassam  Hitti  ,  Dept,  o-f  Phys.  ,  College 
of  William  and  Mary,  Williamsburg,  Va.  23185.  The  state  of  a  muon 
in  a  metal  is  determined  by  its  electronic  and  elastic 
interactions.  To  explore  the  elastic  interactions  in  an 
Fe(3wt7.Si)  single  crystal  muon  precession  frequency  shifts  as  a 
function  of  uniaxial  stress  were  measured  at  300K  and  360K.  These 
shifts  and  their  (1/T)  temperature  dependence  are  dominated  by 
the  effect  of  strain-induced  changes  in  the  population  of 
magnetically  inequivalent  sites.  For  an  A1  (0. 42?/.Cu)  alloy 
depolarization  curves  were  fitted  to  a  two  state  model  to  obtain 
trapping  and  escape  rates  and  second  moment.  These  measurements 
agree  with  a  model  with  an  extended  trapping  region  around  each 
impurity  atom  which  is  produced  by  both  electronic  and  elastic 
mechanisms.  To  determine  the  relative  importance  of  these 
interactions,  future  experiments  will  be  carried  out  on  A1 
samples  with  impurities  <Mg,Ag)  which  should  have  very  different 
contributions  to  these  effects. ^Supported  in  part  by  NSF  grant 
DMR  8007059. ) 

ON  TEACHING  "THE  PHYSICS  OF  ARMAGEDDON".  Kenneth  C.  Jacobs ,  Dept, 
of  Physics, Box  9661,  Hollins  College,  Roanoke,  Va.  24020.  During 
January  1985  (Hollins  Short  Term)  the  author  taught  an  undergrad, 
seminar  on  the  physics  of  thermonuclear  warfare.  Using  The  Nuclear 
Almanac ,  The  Wizards  of  Armageddon,  and  Scientific  American  ('49- 
'85),  we  studied  nuclear  science,  followed  the  evolution  of  nuclear 
confrontation,  learned  what  'defense  analysts'  do  (Thinking  the  Un¬ 
thinkable)  ,  and  engaged  in  modern  wargames  (including  "Star  Wars"). 
Students  responded  to  movies:  The  Atomic  Cafd,  On  The  Beach,  Dr. 
Strangelove,  The  Day  After,  and  Wargames.  There  were  short  con¬ 
ceptual  quizzes,  many  writing  assignments,  and  a  solid  Final  Pro¬ 
ject.  This  talk  outlines  the  philosophy,  content,  format,  and 
efficacy  of  the  seminar,  revealing  both  positive  results  (increas¬ 
ed  student  awareness  and  confidence)  and  the  pitfalls  encountered 
(level  of  student  scientific  understanding  and  psychological  dan¬ 
gers).  These  object  lessons  will  be  useful  to  anyone  considering 
teaching  such  a  course. 


ON  THE  DANGERS  OF  LOGARITHMICALLY-BINNED  HISTOGRAMS.  Kenneth  C. 
Jacobs ,  Dept,  of  Physics,  Box  9661,  Hollins  College,  Roanoke,  Va. 
24020.  Data  of  astrophysical  interest  are  frequently  plotted  as 
histograms  with  a  linear  ordinate,  but  with  a  logarithmic  abscissa 
due  to  the  large  range  of  the  independent  variable.  Examples  to 
be  discussed  include  the  distributions  of  separations (kpc )  of  the 
lobes  of  double  radio  sources  in  the  SCR  catalog  (J.Lequeux,  Ann . 
d '  Astrophys .  29,  533,  1966,*  K.I.  Kellermann,  in  External  Galaxies 
and  Quasi  Stellar  Objects  -  lAU  Symp.  44,  ed.  D.S._Evans,  190, 
1972),  and  the  dynamical  'crossing  times'  (units  Hq  )  of  groups 
and  clusters  of  galaxies  (I.D.  Karachentsev,  Astrofizika  2,  81, 
1966r  H.J.  Rood  and  G.A.  Welch,  MNRAS  170,  441,  1975).  This 
histogramming  prodedure  is  dangerous :  it  creates  "peaks"  in  mono- 
tonically-decreasing  distributions,  obviates  physical  intuition, 
and  renders  modelling  studies  difficult.  These  pitfalls  will  be 
clarified,  and  a  solution  proposed-~the  use  of  log- log-binned 
histograms,  which  overcome  all  of  the  aforementioned  problems. 
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DOUBLE  INJECTION  DEEP  IMPURITY  SEMICONDUCTOR  DEVICES,*  W,  T.  Joyner,  Dept,  of 
Phys.s  Hampden- Sydney  Clg.,  Hampden- Sydney ,  Va , ,  23943.  Double  injection  de¬ 
vices  conduct  current  easily  in  the  forward  direction ^  and  exhibit  a  high 
resistance  in  the  back  direction.  Forward  conduction  can  be  suppressed  by  add¬ 
ing  deep  traps.  Au  offers  a  very  large  cross  section  for  hole  trapping,  and  a 
large  cross  section  for  electron  trapping.  Injection  can  be  increased  until 
the  trap  filled  limit  is  reached;  further  increase  of  injected  current  causes 
a  transition  to' a  high  conductance  regime  characterized  by  double  injection  and 
recombination  in  the  bulk  material.  This  results  in  thyristor-like  behavior 
with  a  definite  threshold  voltage  and  a  low  holding  voltage  after  the  transi¬ 
tion.  These  devices  have  no  p-n  junctions  and  can  be  scaled  into  the  many 
kilovolt  region.  Because  the  trap  density  is  extremely  high,  radiation  tole¬ 
rance  is  several  orders  of  magnitude  higher  than  junction  devices.  Operation 
at  temperatures  above  400  C  is  possible. 

*Supported  in  part  by  a  grant  from  NASA. 


TRANSIENTS  INDUCED  BY  ELECTRONS  ! NC f DENT  ON  ULTRAV I OLET  CONVERTERS  USED  IN  SATEL¬ 
LITE  ASTRONOMY.  R.  Lee  Kernel  I  S  J.  Becher,  Physics  Dept,  0 1  d  Domi n i on  Un i v. , 
Norfolk,  VA. 23508  and  C.S.  Reft,  Dept,  of  Radiology,  Univ.  of  Chicago,  Chicago, 
IL.  60637*  For  the  last  ten  years  our  laboratory  has  been  funded  by  NASA  Bubble 
Space  Telescope  to  Investigate  space  radiation  effects,  both  transient  and  long¬ 
term,  induced  in  e 1 ect roopt I ca 1  devices.  Irradiations  were  performed  using  ra¬ 
dioactive  sources  in  our  laboratory  and  accelerators  at  Los  Alamos,  Brookhaven, 
NASA“Godda rd ,  SREL  and  University  of  Maryland.  The  work  reported  here  pertains 
to  UV  converters  whose  output  was  monitored  during  irradiation  with  electrons 
from  a  sealed  ^®Sr  source  which  approximated  the  peak  flux  in  Earth's  outer 
electron  belt.  The  signal  induced  by  irradiation  was  attributed  to  two  mechan¬ 
isms:  (1)  photoelectrons  resulting  from  photons  created  in  the  MgF2  window 
and  (2)  the  direct  impact  of  electrons  on  the  phosphor.  For  irradiation  at 
~1  X  10^  e/cm^  sec,  these  two  effects  produced  signals  which  were,  In  order  of 
magnitude,  the  same  as  those  produced  by  an  incident  UV  flux  (254  nm)  of  10® 
and  10'^  photons/cm^  sec,  respectively.  in  addition,  the  Induced  signal  was  In¬ 
vestigated  as  a  function  of  electron  energy  by  irradiating  another  converter 
with  0.4-1.8-MeV  electrons  from  a  Van  de  Graaff.  These  results  suggest  that 
the  dominant  contribution  to  the  electron- i nduced  signal  is  Cerenkov  photon 
production  in  the  MgF2  window. 


SYSTEMATIC  MULTIPOLE  POLARIZABILITIES  OF  ALKALI  AND  ALKALINE  EARTH  ATOMS.  F.  Khan 
&  G.  S.  Khandelwal,  Old  Dominion  Univ.,  Norfolk,  VA  23508,  F-  John  W.  Wilson,  NASA 
Langley  Res.  Ctr.,  Hampton,  VA  23665.  The  physical  forces  important  for  an  under¬ 
standing  of  surface  interactions  are  related  to  the  dispersion  properties  of  atoms 
and  molecules.  Using  Davison's  method  (initially  derived  and  used  in  calculating 
the  multipole  polarizabilities  of  atoms  (and  ions)  with  one  and  two  electrons),  we 
have  been  able  to  calculate  the  multipole  polarizabilities  of  hydrogen  and  hydro¬ 
genlike  alkali  atoms  (Li,  Na,  K,  Rb,  Cs)  using  single  channel  quantum  defect  the¬ 
ory.  Similarly  calculations  of  polarizabilities  of  helium  and  alkaline  Earth 
atoms  (Be,  Mg,  Ca,  Sr,  Br)  have  been  performed.  We  have  also  included  Cu,  Ag,  Au 
in  the  former  and  Zn,  Hg,  Cd  in  the  latter  group.  Our  calculations  agree  with 
other  calculations  or  experimental  values  (when  available)  to  within  in  per¬ 
cent.  In  most  cases  the  agreement  is  significantly  better.  Currently,  work  is  in 
progress  in  calculating  dispersion  coefficients  for  all  the  above  atoms  (forming 
Van  der  Waal's  molecules).  Our  calculated  dispersion  coefficients  (Cg,  C3,  and 
C^o)  one-valence  electron  atoms  and  two  valence  electron  atoms  are  within  5  to 
10' percent  of  the  other  theoretically  calculated  values.  We  intend  to  calculate 
the  dispersion  coefficients  between  unlike  pairs  of  atoms,  eventually  extending  to 
atoms  with  more  than  two  valence  electrons,  where  correlation  effects  are 
important. 
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MOSSBAUER  STUDY  OF  GADOLINIUM  IRON  GARNET.  ^  Li ,  Dept,  of  Physics,  Old  Domin¬ 
ion  Dnlv.,  Norfolk,  Va.  23508.  MOssbauer  spectra  of  Gadolinium  Iron  Garnet  have 
been  obtained  over  the  temperature  range  of  6°K  to  620°K.  The  quadrupole  and 
magnetic  Interactions  at  the  octahedral  (a)  and  tetrahedral  (d)  iron  sites  have 
been  determined  as  a  function  of  temperature.  The  saturation  magnetic  fields 
are  B(0)g_  -  541  kOg  and  B(0)^  -  476  kOg,  and  the  temperature  independent  quadru¬ 
pole  splittings  are  AEg^  =  0.345  nms"^  and  AEj,  =  0,932  inms“L  No  reorientation 
of  the 'hyper fine  fields  has  been  observed,  and  over  the  entire  temperature 
range,  the  angles  between  the  magnetic  fields  and  electric  field  gradients  are 
54.73°  for  the  tetrahedral  site  and  70.53°  and  0°  for  the  octrahedral  site. 
Magnetic  ordering  thus  occurs  along  the  <111>  crystalline  axes, 

HOLOGRAPHIC  IMTERFEROMETRY  OF  MICRON-SCALE  DISPLACEMENTS  OF  A  MOM-COHESIVE 
SURFACE.  R.  M.  Major.  Dept,  of  Physics f  Univ.  of  Richmond,  VA  23173. 
Double-exposure  interferograms  have  been  made  of  loose_sand  surfaces  subjected 
between  exposures  to  static  subsurface  stress  up  to  10  Atm.  These  tests 
represent,  an  extension  of  interferometric  methods  now  in  use  for  rigid 
or  plastic  surface  deformations.  Our  interferograms  clearly  locate  the 
stress  source,  identify  differential  response,  and  are  topographic  maps 
whose  fringes  of  equal  elevation  are  on  the  order  of  the  laser  wavelength, 
here  E33  nm.  (Supported  bj  MSHC/SCEEE  Contract  Mo.  BS-AOIZ,  Task  3015). 

MICROCOMPUTER  INTERFACING  TO  ELECTRIC  PROBES  FOR  MILTIDIPOLE  PLASMA  DIAGNOS¬ 
TICS.  W.  C,  Mason,*  and  G.  R.  Taylor,  Physics  Dept.,  James  Madison  Univer¬ 
sity,  Harrisonburg,  VA  22807.  An  Apple  II  computer  has  been  interfaced  to 
electric  probes  for  plasma  diagnostic  studies.  Using  an  optically  coupled 
control  circuit,  the  computer  varies  the  probe  voltage  in  the  range  from  -100 
to  +25  volts.  The  probe  current  and  voltage  are  measured  by  the  computer 
with  the  probe  current-voltage  characteristic  plotted  for  analysis  of  plasma 
parameters.  The  probe  current -voltage  characteristic,  the  control  circuit, 
and  problems  in  nonlinear  photo  isolation  and  noise  will  be  discussed. 

MAKING  AND  USING  HOLOGRAPHIC  OPTICAL  ELEMENTS.  *C.  S.  Milsted,  Jr.  and 
R,  M.  Major.  Bept.  of  Physics,  Univ.  of  Richmond,  VA  23173.  Holographically- 
produced  Gabor  zone  plates  and  gratings  focus  or  disperse  light  via  diffrac¬ 
tion  rather  than  refraction.  Savings  in  fabrication  time,  materials 
ind  cost  may  result  despite  current  constraints  imposed  largely  by  recording 
media.  Bleached  Silver  Halides,  dichromate  gels,  and  new  photo  polymers 
are  being  compared.  Polaroid  DMP”12B  is  of  maKimum  present  potential 
due  to  high  diffraction  efficiency,  processing  ease  and  temporal  and 
environmental  stability.  (Supported  by  contract  Mo,  SCEEE/NSWC/B4-B00Z ) . 


PULSED  BEAM  SPECTROSCOPY  OF  SO^ .  David  A.  01sgaard*and  G.  E.  Copeland,  Dept, 
of  Physics,  Old  Dominion  Univ.,  Norfolk,  Va. ,  23508.  A  proposal  for  an  experi¬ 
ment  using  a  pulsed  supersonic  molecular  beam  to  investigate  the  highly  unre¬ 
solved  absorption  spectrum  of  sulfur  dioxide  in  the  near  ultraviolet  region 
(290“315nm)  is  presented.  It  is  believed  that  electronic  ground  state  high 
lying  rovlb rational  levels  in  this  region  are  mixed  with  and  significantly  per¬ 
turb  the  rovibrational  levels  of  the  first  two  electronic  excited  states. 
Simplification  of  this  spectrum  can  be  achieved  by  the  free  expansion  of  a 
pulsed  supersonic  molecular  beam  of  SO  into  a  vacuum  reducing  the  rotational 
and  vibrational  temperatures  to  a  few  degrees  Kelvin;  this  leaves  only  the  low¬ 
est  rovlbronlc  states  populated  from  which  state  selective  Doppler-free  tech¬ 
niques  may  be  applied. 
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EXPERIMENTS  WITH  EXOTIC  ATOMS.  W.  C.  Phillips  A,  Dept,  of  Physics, 
C', o  1 1  e 9 e  of  William  and  Mary,  Williamsburg,  M a  .  23185.  Electrons  i i“i 
o r d i ri a r y  atoms  may  be  replaced  with  negatively  charged  subatomic 
particles.  Observations  of  the  X-rays  from  such  exotic  atoms  yield 
information  on  masses  and  magnetic  moments  of  the  particles.  Per- 
t u r t> a t i o n s  of  the  system  due  to  strong  interactions  t- e t w e e n  t e 
particle  and  the  nucleus  may  also  be  observed  and  compared  with 
various  theoretical  models.  (Supported  in  part  by  the  National 
Science  F  o  u  n  d  a  t  i  o  ri .  ) 


STATUS  OF  MAGNETIC  CONFINEMENT  TIME  MEASUREMENTS  IN  JMU  40  LITER  MULTIDIPOLE 
PLASMA  DEVICE.  D.  L.  Puckett,*  G.  T.  Meeks,*  and  G.  R.  Taylor,  Physics  Dept., 
James  Madison  University,  Harrisonburg,  VA  22807.  The  magnetic  confinement 
time  and  the  mean  free  path  of  the  primary  ionizing  electrons  are  Important 
parameters  in  characterizing  the  plasmas  produced  in  the  JMU  40  liter  multi¬ 
dipole  plasma  device.  In  this  device  previous  experimental  studies  employing 
two  different  models  for  magnetic  confinement  time  evaluation  in  an  argon 
plasma  indicated  a  23%  discrepancy.  Characteristics  of  the  multidipole 
plasmas  and  the  status  of  current  magnetic  confinement  time  measurements  will 
be  reported. 


ELECTRON  DETACHMENT  IN  ALKALI  ANION-RARE  GAS  COLLISIONS.  D.  Scott*,  M.S.  Huq* , 
L.  D.  Doverspike*,  R.  L.  Champion*,  Dept,  of  Phys . ,  Col.  of  William  and  Mary, 
Williamsburg,  VA  23185*  Absolute  total  cross  sections  for  electron  detachment 
have  been  measured  for  collisions  of  Na”  and  K  with  rare  gases  for  relative 
collision  energies  ranging  from  a  few  eV  to  about  200  eV.  These  alkali  anions 
are  observed  to  be  extremely  stable  with  respect  to  collisional  electron  detach¬ 
ment.  Energetic  thresholds  for  detachment,  when  observed,  are  found  to  occur 
at  energies  up  to  one-hundred  times  the  electron  affinity  of  the  alkali  anion. 
The  salient  features  of  the  detachment  cross  sections  are,  for  Na”-Ne  and  K”“Ar, 
Kr,  Xe,  described  by  a  simple  curve-crossing  model.  In  contrast,  the  reactants 
Na”-He,  Ar,  Kr,  Xe  and  K  -Ne  do  not  show  any  distinct  thresholds  for  detachment 
and  remain  samll  (<0.5^^)  throughout  the  energy  range  studied,  indicating  the 
absence  of  a  curve  crossing  in  this  energy  range.  Striking  similarities  are 
observed  between  the  energy  dependence  of  detachment  corss  sections  and  that  of 
the  cross  sections  for  projectile  excitation  which  results  from  neutral  alkali- 
rare  gas  atom  collisions. 

(Supported  by  the  U.S.  D.O.E.,  Contract  AS05-T9ER-103T1 • ) 

A  MEASUREMENT  TECHNIQUE  FOR  THE  DETEpiNATION  OF  THE  RATE  OF 
SUBLIMATION  OF  WATER  ICE.  Mike  Shaver  and  G.  E.  Copeland,  Dept, 
of  Physics,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Some  of  the 
bodies  present  in  the  outer  solar  system  appear  to  have  surfaces 
covered  with  water  ice.  The  albedo  of  topographic  features  on 
Callisto  appears  to  change  with  solar  elevation  and  thus  the 
temperature  of  the  surface  material.  The  sublimation  of  ice  at 
low  temperatures  has  been  suggested  as  a  major  modifying  force  for 
changing  this  reflectivity.  This  paper  reports  work  in  progress 
to  measure  the  low  pressure  sublimation  rate  of  ice  between  100 
and  200K.  A  quartz  crystal  is  used  to  monitor  mass  loss  from  an 
ice  specimen.  Ice  sublimates  and  some  of  the  HpO  molecules  stick 
to  the  crystal  lowering  its  resonant  frequency.  Description  of 
the  circuit  and  preliminary  results  will  be  presented. 

*  Undergraduate  research  student. 

Geophysical  Res.  Lett.  JM,  1223  (1984). 
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SIMULATION  PROBLEM  FOR  SOLAR-PUMPED  LASER.  Larry  V.  Stock,  John  W.  Wilson, 
NASA  Langley  Research  Center,  Hampton,  Va.  23665,  and  Kwang  S.  Han,  Physics 
Dept.,  Hampton  Univ.,  Hampton,  Va.  23668.  In  order  to  develop  a  computer 
model  for  a  solar-simulator-pumped  iodide  box  laser  (i-CaFyl),  the  basic 
kinetics  of  the  system  is  incorporated  in  the  model.  To  accomplish  this  task 
a  best  guess  for  the  numerical  values  of  the  rate  coefficients  in  the  kinetic 
equations  are  found.  By  minimizing  the  differences  between  the  system's 
experimental  data,  as  opposed  to  the  calculated  values  given  by  the  computer 
simulation  model,  a  reasonable  best  guess  is  found.  The  model's  output 
parameters;  given  as  a  function  of  filling  pressure,  output  mirror 
reflectivity  and  the  number  of  amps  input  into  the  solar  simulator;  are  the 
threshold  time  of  lasing,  lasing  times,  and  total  energy  output.  The  method 
used  to  optimize  the  system  in  terms  of  the  kinetic  equations  and  internal 
losses  of  the  system  is  a  minimization  of  the  differences  between  the  theory 
and  experiment  by  Stewart's  adaptation  of  the  Davidon-Fl etcher-Power 
algorithm  gradient  search.  This  optimization  technique  gives  a  reasonable 
fit  to  the  experimental  data  which  establishes  a  best  guess  for  the  kinetic 
rate  coefficients  and  the  total  internal  loss  in  the  laser  system. 


MUON  SPIN  STUDIES  OF  FE  ALLOYED  WITH  DY,  AU  and  TA.  C.  E.  Stronach  and  L.  R. 
Goode,  Jr.*,  Dept,  of  Physics,  Va.  State  Univ.,  Petersburg,  VA  23803;  W.  J. 
Kossler*,  B.  Hitti*,  J.  Kempton*  and  Y.  Li*,  Dept,  of  Physics,  Col.  of  William 
&  Mary,  Williamsburg,  VA  23185;  W.  F.  Lankford,  Dept,  of  Physics,  George  Mason 
Univ,,  Fairfax,  VA  22030;  R.  I.  Grynszpan*,  CECM,  CNRS,  Vitry-sur-Seine , 
France.  Polarized  u"'"  were  implanted  in  RT  Fe  samples  alloyed  with  Dy,  Au  and 
Ta.  Measurements  of  the  fractional  change  in  the  magnitude  of  the  interstitial 
field  By  sampled  by  the  y"*"  were  made  before  and  after  the  samples  were  anneal¬ 
ed.  Dy  appears  to  reduce  By  only  about  half  as  much  as  pure  dilution  would, 
while  Au  increases  it  by  about  2%  per  atomic  %  Au.  The  results  from  Fe(Ta) 
are  strongly  dependent  upon  annealing.  The  effect  appears  to  correlate  with 
the  electronegativity  of  the  impurity.  Impurities  to  the  left  of  Fe  in  the 
periodic  table  tend  to  attract  y"^,  while  those  impurities  to  the  right  tend 
to  repel  the  y"**. 

(Supported  in  part  by  NASA  grant  NAG  1-416  and  NSF  grant  DMR  8007059.) 

STUDY  OPTICAL  DOUBLE  SLITS  INTERFERENCE  BY  MICROCOMPUTER  INTERFACING,  Y.  P. 
Hwu,  G.  L.  Sutherland,  Wytheville  Community  College,  Wytheville,  VA  24382. 
This  is  a  simple  example  on  using  microcomputer  interfacing  to  study  a 
problem  in  sophomore  physics.  Emphasis  was  on  data  acquisition,  signal 
conditioning,  machine  language  rotine,  basic  program  to  call  the  machine 
language  routine,  plotting  the  results. 


SINGLE  BEAM  HOLOGRAPHIC  TECHNIQUE  ON  THE  MEASUREMENT  OF  THE  MODULUS  OF 
ELASTICITY  OF  THE  REED  OF  A  SPRING  VIBRATOR.  Y.  P.  Hwu,  J.  W.  Morgan,  G.  H. 
Wheeler,  Wytheville  Community  College,  Wytheville,  VA  24382.  Single  beam 
double  exposure  technique  has  been  applied  to  measure  the  modulus  of  elasticity 
of  the  reed  of  a  spring  vibrator. 

A  small  weight  was  put  at  the  end  of  the  reed  of  the  spring  vibrator.  The 
film  was  exposed.  The  weight  was  then  carefully  removed  and  the  film  was 
exposed  again.  After  processes,  the  fringes  on  the  image  of  the  reed  can 
be  seen  and  counted,  satisfactory  result  was  obtained. 
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VARIATION  OF  DIRECT  SOLAR  RADIATION  DUE  TO  THE  EL  CHICHON  DEBRIS  CLOUD,  D.  A. 
Whitney,  Hampton  University,  Hampton,  VA  23668.  Significant  decreases  in  the 
midday,  clear-sky,  hourly  direct  solar  radiation  at  Hampton,  Virginia  were 
observed  during  both  the  June-August,  1982  and  September,  1982-April,  1983 
periods.  Although  the  former  period  is  consistent  with  the  global  spreading 
rate  of  the  El  Chichon  debris  cloud,  the  data  for  this  period  requires  further 
study.  The  latter  period  displayed  an  average  14%  decrease  in  the  direct  and 
an  average  62%  increase  in  the  diffuse  clear  sky  solar  radiation.  In 
addition,  a  one-day  decrease  of  26%  in  direct  radiation  was  found  for  Nov.  9, 
1982  which  could  be  assigned  to  the  presence  of  a  optically  thick  portion  of 
the  debris  cloud  over  the  Hampton,  Virginia  site.  Direct  solar  radiation  data 
were  obtained  by  an  Eppley  Normal  Incidence  Pyrhel iometer-Integrator  system 
and  using  the  maximum  one-hour  clear  sky  value  near  solar  noon.  Diffuse  solar 
radiation  on  a  horizontal  surface  data  were  measured  by  an  Eppley  Precision 
Spectral  Pyranometer-Occul ting  Disk  System.  Clear  sky  conditions  were  checked 
by  comparison  of  standard  one-hour  visual  cloud  cover  observations  provided  by 
nearby  Langley  Air  Force  Base  with  the  strip-chart  record  of  global,  diffuse 
and  direct  solar  radiation  data. 


Biology 

CHARACTERIZATION  AND  PROPERTIES  OF  CUTICLE  PROTEINS  FROM  THE  AMERICAN  COCK¬ 
ROACH.  J,  Atkinson?  R.  R*  Millsj  and  T,  D,  Kimbroughj  Dept,  of  Biol.,  Va, 
Commonwealth  Univ.,  Richmond,  Va.  23284.  Radioactive  cuticle  proteins  from 
freshly  ecdysed  American  cockroach  have  been  purified  by  molecular  seive 
chromatography,  EEAE  cellulose  anion  exchange  chromatography  and  cellulose 
phosphate  cation  exchange  chromatography.  Polyacrylamide  slab  gel  electro¬ 
phoresis  was  utilized  as  an  identification  marker,  Radioimune  assays  were 
used  routinely  to  precipitate  dilute  samples.  The  diverse  role  of  cuticle 
proteins  in  post-ecdysial  sclerotization  is  discussed. 


INTERACTION  OF  CAFFEINE  AND  AFLATOXIN  B^  ON  EGG-ADULT  VIABILITY  IN  DROSOPHILA 
MELANOGASTER.  David  A.  Betti nger*  and  Joseph  P.  Chinnici,  Dept,  of  Biology, 
Va.  Commonwealth  Univ.,  Richmond,  VA  23284.  Aflatoxin  B^  (AFBi),  a  DNA  adduc¬ 
ting  agent  when  activated,  is  an  extremely  potent  hepatocarci nogen  and  hepato- 
toxin.  Caffeine  can  act  as  a  cocarcinogen  by  potentiating  the  action  of  some 
carcinogenic  agents.  AFBi,  in  the  diet  (a  yeast-dextrose-agar  medium)  of 
natural  and  lab  populations  of  Drosophi la  melanogaster,  was  found  to  be  very 
toxic,  as  demonstrated  by  a  reduction  in  the  number  of  flies  developing  from  a 
known  number  of  eggs  and  a  reduction  in  the  body  length  of  the  adults. 

Caffeine  was  shown  to  be  toxic  but  at  much  higher  concentrations.  Caffeine 
caused  a  decrease  in  egg-adult  viability  and  an  increase  in  development  time. 
To  study  the  combined  interactions,  five  concentrations  of  AFBi  (0.0,  0.16, 
0.32,  0.48,  0.64  x  10"5m)  were  added  in  all  possible  combinations  with  five 
caffeine  concentrations  (0.0,  0.5,  1.0,  1.5,  2.0  x  lO'^M).  Response  Surface 
Methodology  statistics  were  utilized  to  evaluate  the  interactions.  Slightly 
and  moderately  toxic  levels  of  caffeine  dramatically  reduced  the  toxicity  of 
AFB]  as  indicated  by  a  significant  increase  in  egg-adult  viability,  as 
compared  to  the  appropriate  controls. 
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DOPAMINE  METABOLISM  AND  IDENTIFICATION  OF  POLYMERS  BINDING  TO  CUTICLE  PROIEIN 
IN  THE  AMERICAN  COCKROACH,  Patricia  Bey?  T.  D^  Kimbrough  and  R,  R,  Mills,  Dept, 
of  Biol.,  Va,  Commonwealth  Univ. ,  Richmond,  Va.  23284.  Sclerotization  of  the 
insect  cuticle  occurs  during  the  immediate  post-ecdysial  period.  Grosslinking 
of  diphenolic  amines  binds  the  cuticle  proteins  into  a  hard  insoluble  matrix. 
Both  N-acetyldopamine  and  N-betaalanyldopamine  are  incorporated  into  the  Ameri¬ 
can  cockroach  cuticle  and  form  stable  coiralent  bonds  with  the  protein,  A  dihy- 
droxyphenylalanine  pol3nner  binds  cockroach  cuticle  proteins.  Molecular  seive 
chromatography  on  P-100  polyacrylamide  gel  cellulose  ion  exchange  and  gel  elec¬ 
trophoresis  have  been  used  to  separate  and  characterize  the  protein-bound  poly¬ 
mer,  Ring  substitution  and  beta  carbon  linkages  are  discussed  in  regard  to 
cockroach  cuticle  sclerotization. 

HISTOLOGICAL  STUDY  OF  THE  GRAVID  UTERUS  IN  IMMUNE-STIMULATED  CD-I  MICE.  Yvette 

S.  B1  lodeau'^  and  Carolyn  M.  Conway,  Dept,  of  Biol.,  Va.  Commonwealth  Univ., 
Richmond,  Va,  23284.  The  effect  of  thyroid-specific  and  non-organ-specific 
immune  stimulation  on  the  morphology  of  the  10  day  gravid  uterus  was  studied. 
Immune  stimulation  was  achieved  by  subcutaneous  injections  of  Freund's  adjuvant 
(complete  or  incomplete)  emulsions  of  either  thyroid-homogenate  or  saline. 
Females  were  mated  four  weeks  after  initial  immunization  and  pregnancies  were 
terminated  on  approximately  day  10.  Reproductive  tracts  were  removed,  fixed  in 
buffered  paraformaldehyde,  and  embedded  in  paraffin.  Cross  sections  (10  u)  were 
stained  for  alpha  napthyl  acetate  esterase  (ANAE),  an  enzyme  marker  for  murine 
T  cells,  and  with  azure  A-eosin  B.  Increased  implantation  site  size  and 
increased  placental  size  was  observed  in  immune-stimulated  females.  These 
females  also  showed  a  larger  loose  decidua  basal  is  region,  as  compared  to 
control  females.  The  heavy  ANAE  staining  observed  in  the  decidua,  placenta,  and 
yolk  sac  in  both  control  and  immune-stimulated  females  precluded  localization  of 
T  cells  in  the  gravid  uterus.  Overall  there  appeared  to  be  a  correlation 
between  maternal  immune  stimulation  and  an  alteration  in  the  morphology  of  the 
implantation  sites. 

mowing  effects  on  small  mammal  populations  in  a  blue  ridge  parkway  vista. 

T .  M.  Brennan'*,  Blue  Ridge  Parkway,  Nat,  Park  Service,  Big  Island,  VA.  24526  & 

J,  A.  Cranford,  Dept,  of  Biol.,  Va.  Polytechnic  Inst,  &  S.  U.,  Blacksburg,  VA. 
24060.  The  effects  of  mowing  on  small  mammal  populations  were  studied  within 

an  annually  mown  field  maintained  as  a  scenic  wildflower  vista  adjacent  to  mile¬ 
post  36.5,  Blue  Ridge  Parkway  In  Rockbridge  Co,,  VA.  This  field's  vegetation 
is  cut  to  4"  to  6"  height  by  sickle-bar  machine  and  hand  tools.  Populations 
within  an  Interior  hectare  grid  (1  trap/ 10  meter  spacing)  and  a  surrounding  per¬ 
imeter  hectare  were  both  live-trapped  before  and  after  cutting.  Following  two 
cuttings,  Nov,  4,  1981  and  Sept.  9,  1984,  both  inside  grid  populations  of  Pero- 
myscus  leueopus  and  Microtus  pennsylvanicus  decreased  on  the  short  term.  In 
Nov.,  1981,  677,  grid  resident  ^  leueopus  moved  outside  with  507,  of  these  re¬ 
turning  inside  by  Nov,  11,  By  Mar.,  1982,  75%  (maximum)  of  those  going  outside 
had  returned  Inside,  Only  four  Peromyscus  moved  from  residency  outside  to  in¬ 
side  on  the  long  term.  Perimeter  Peromyscus  populations  were  higher  than  the 
outside  ones  in  all  periods.  The  1981  pennsylvanicus  grid  population  de¬ 
creased  post-cut  and  stayed  low.  There  was  little,  if  any,  long  term  change 
in  either  species  numbers  in  1984, 
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EFFECTS  OF  THE  DIPEPTIDE,  L-ASPARTIL-L-PHENYLALANINE  METHYL  ESTER  ON  OXYGEN 
CONSUMPTION  IN  THE  AMERICAN  COCKROACH.  W.  Brown  ,  R.  R.  Mills,  and  T.  D. 
Kimbrough,  Dept,  of  Biol.,  Va,  Comonwealth  Univ,,  Richmond,  Va,  23284.  L- 
aspartyl-L-phenylalanine  methyl  ester  (Aspartame,  APM),  is  a  well-known  arti¬ 
ficial  sweetener  for  diet  drinks.  If  ingested  in  large  quantities  the  excess¬ 
ive  phenylalanine  may  cause  changes  in  aromatic  amino  acid  transport  and  meta¬ 
bolism.  American  cockroaches,  Peri plane ta  americana  were  fed  dog  food  with 
and  without  APM.  Increased  food  consumption,  weight  gain,  and  oxygen  consump¬ 
tion  would  indicate  impairment  of  food  intake  control  mechanisms.  These  mech¬ 
anisms  may  depend  upon  serotonin  ( 5~hydroxy tryptamine ,  5-HT)  or  catechol  amine 
synthesis.  IlLe  results  are  presented  in  connection  with  aromatic  amino  acid 
transport.  Thus  far,  they  indicate  that  in  addition  to  reduced  metabolism, 
there  occurs  a  slight  weight  gain  induced  by  APM  in  cockroaches  given  a  glu¬ 
cose  supplement.  Also,  it  has  been  observed  that  compensatory  L-tryptophan 
loads  given  cockroaches  may  lead  to  a  severe  weight  loss. 


REPORT  ON  AN  UNBANDED  POPULATION  OF  NERODIA  SIPEDON  FROM  VIRGINIA. 

Walter  Bulmer,  Department  of  Biology,  Northern  Va  Cmnty.  Col.,  Annandale,  Va 
22003.  A  population  of  uniformly  colored  Nerodia  sipedon  is  described  from  the 
Potomac  River  of  Va.  The  range,  population,  density  and  habitat  are  discussed. 
The  selection  pressures  producing  this  unbanded  population  are  hypothesized. 

The  snake  population  studied  was  found  in  two  large  shallow  bays  in  the  tidal 
zone  of  the  Potomac  River.  The  daily  and  seasonal  habits  of  the  snakes  were 
found  to  be  more  aquatic  than  those  of  adjacent  populations  of  sipedon. 

The  bays  were  sampled  to  determined  the  presence  of  prey  and  predator  species 
of  fish.  Observations  of  activity  demonstrate  that  this  population  of 
N.  sipedon  feeds  heavily  on  fish  and  is  preyed  upon  by  larger  fish.  The 
unbanded  pattern  makes  the  snakes  less  observable  in  the  turbid  water 
characteristic  of  their  environment.  These  factors  help  determine  the  high 
population  density  of  snakes  in  the  bays  and  select  for  their  lack  of  pattern. 
The  environment  and  habits  of  this  population  are  compared  with  those  of 
N.  sipedon  insularum.  The  similarities  suggest  a  re-evaluation  of  the 
selective  pressures  responsible  for  the  unbanded  characteristics  of  water 
of  water  snake  populations 


CUSSIFICATION  AND  DISTRIBUTION  OF  THE  OEDIPODINAS  OR  BANDED-WING  GRASSHOPPERS 
OF  VIRGINIA.  J.  Campbell!  R.  R.  Mills,  and  T.  D.  Kimbrough,  Dept,  of  Biol., 

Va.  Commonwealth  Univ.,  Richmond,  Va,  23284.  The  geographical  and  seasonal 
distribution  of  the  Oedipodinae,  or  banded-wing  grasshopper  has  been  studied 
in  Virginia.  Dissosteira  Carolina  is  a  common  species  both  geographically  and 
seasonally.  It  is  found  widely  distributed  throughout  the  state  and  in  all 
seasons  of  the  year.  Other  species  such  as  Trimerotropis  maritima  acta  and 
Psinidia  fenestralis  are  confined  to  the  seashore  and  are  found  as  adults  only 
during  the  latter  half  of  the  season.  Many  of  the  two  dominant  tribes,  Hippis- 
ci  and  Trimerotropi  have  species  specific  seasons.  One  species  matures  during 
May  and  is  gone  by  July,  and  a  second  similar  species  occupies  the  same  habitat 
from  July  to  October. 
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DIFFERENTIAL  EFFECTS  OF  6-MBOA  ON  REPRODUCTION  IN  SMALL  MAMMALS.  Jack  A. 
Cranford,  Dept,  of  Biology,  Virginia  Polytechnic  Institute  and  State  Univ., 
Blacksburg,  Va.  24060.  The  chemical  compound  6-MBOA  commonly  found  in  high 
concentration  during  the  active  growth  period  of  grasses  has  differential 
effects  on  reproduction  in  small  mammals.  Under  both  natural  field  conditions 
and  laboratory  conditions  with  various  rodent  species  different  effects  occur 
due  to  age,  photoperiod,  dose  and  geographical  source  of  test  animals.  For 
most  species  6-MBOA  accelerates  the  maturation  process  of  reproductive  tissues 
but  the  level  of  response  differs  greatly  by  dosage.  In  adults  dosage  has  an 
effect  but  the  geographical  source  of  the  test  group  has  a  greater  effect.  A 
general  trend  in  response  by  geographic  source  for  both  Microtus  and  Peromvscus 
species  correlates  with  predictiveness  of  habitat  quality.  Species  from 
environments  which  have  seasonal  unpredictability  have  a  greater  response  to 
the  compound  than  do  ones  from  predictable  habitats.  Species  from 
unpredictable  habitats  respond  at  lower  dosage  levels.  In  juveniles  and 
subadults,  Microtus  is  more  responsive  then  Peromvscus  by  dosage  and  also 
responds  at  younger  ages.  In  field  experiments  Microtus  is  more  responsive 
than  Peromvscus  and  can  be  induced  to  breed  during  winter. 

PARASITES  OF  SUBURBAN  GRAY  SQUIRRELS,  Sciurus  carolinensis ,  IN  NORTHERN 
VIRGINIA.  R.P.  Eckerlin,  Nat.  Sci.  Dlv.,  Northern  Va.  Cmnty.  Col.,  Annandale, 
VA  22003.  One  hundred  gray  squirrels,  Sciurus  carolinensis ,  found  dead  on  the 
road  in  suburban  Fairfax  County,  Virginia  were  examined  for  helminth  parasites. 
Five  species  of  helminths  were  found  including  the  cestodes  Catenotaenia 
dendritlca  (1%),  Mesocestoides  cortl  (1%)  and  the  nematodes  Strongyloides 
robustus  (61%),  Hellgmodendrium  hassalll  (61%)  and  Enterobius  sciuri  (6%). 
Comparison  with  other  published  surveys  of  gray  squirrel  helminths  from  rural 
areas  in  Virginia  indicates  that  the  species  diversity  in  the  suburban 
squirrel  population  is  lower.  On  the  other  hand,  prevalence  and  mean  Intensity 
of  Infection  is  higher  in  the  suburban  gray  squirrel  population.  The  gray 
squirrel  is  a  new  host  for  Mesocestoides  corti. 

THE  ANATOMY  OF  THE  NERVOUS  SYSTEM  OF  THE  SOUTH  AMERICAN  COCKROACH,  BLABERUS 
GIGANTEUS.  Donald  R.  Fairman*  &  Virginia  M.  Tipton,  Dept.  of  Biology, 

Radford  University,  Radford,  VA  24142.  The  ventral  nerve  cord  in  Blaberus 

giganteus  consists  of  nine  ganglia:  three  in  the  thorax  and  six  in  the 

abdomen.  All  ganglia  are  connected  anteriorly  and  posteriorly  by  pairs  of 
nerves  called  connectives.  In  addition,  each  thoracic  ganglion  supports  at 
least  eight  nerves,  which  branch  extensively  in  the  thorax.  In  the  abdomen, 

each  ganglion  has  two  pairs  of  lateral  nerves  attached  to  it.  The 

anterolateral  pair  of  nerves  of  each  ganglion  innervate  one  segment  posterior 
to  that  ganglion.  The  posterolateral  nerves  innervate  muscles  ventral  to  the 
connectives  and  posterior  to  their  ganglia.  The  main  abdominal  nerves  are 
named  and  traced  to  points  of  innervation.  The  general  organization  of  the 
abdominal  nerves  is  compared  with  two  other  species  of  cockroach,  Periplaneta 
americana  and  Phortioeca  phoraspoides.  (Supported  by  a  grant  from  Sigma  Xij 
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CULTURING  MOUSE  EMBRYOS  TO  TEST  MEDIA  FOR  HUMAN  W  VITRO  FERTILIZATION  PROGRAMS . 
Lori  A.  Fenwick,  R.  James  Swanson,  Steven  Ackerman,  and  Sherry  Taylor,  Dept, 
of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Techniques 
for  culturing  preimplantation  mouse  embryos  from  the  two-cell  stage  to 
blastocyst  are  described,  and  the  importance  of  this  system  to  quality  control 
assay  the  media  and  supplements  used  in  human  in  vitro  fertilization  (IVF) 
procedures  is  discussed.  Embryos  from  BbCBAF^  mice  were  cultured  in  a 
commonly  used  mouse  culture  medium,  modified  Krebs-Ringer-bicarbonate 
(Krebs’),  or  in  a  commonly  used  human  culture  medium.  Ham’s  FlO  nutrient 
mixture  supplemented  with  human  fetal  cord  serum  (FCS) ,  and  results  were  not 
significantly  different.  Using  the  mouse  embryo  culture  system,  tests  on 
174  preparations  of  FCS  resulted  in  24.1%  producing  less  than  75%  morula  or 
blastocyst  stages  after  72  h  in  culture,  compared  to  9.5%  of  the  Krebs’ 
control  cultures.  Results  of  the  mouse  embryo  culture  system  using  98  FCS 
subsequently  used  in  human  IVF  were  compared  to  results  from  the  VIP  Human 
In  Vitro  Program  of  Eastern  Virginia  Medical  School  of  Norfolk,  Virginia, 
from  June  1982  through  March  1985.  The  data  suggest  that  prescreening  of 
media  and  supplements  using  this  mouse  embryo  culture  system  may  Indicate 
sources  of  factors  potentially  detrimental  to  the  success  of  human  IVF 
procedures . 

ENERGY  SAVINGS  RESULTING  FROM  HUDDLING  BEHAVIOR  IN  PEROMYSCUS .  A.  Fortenberry 
and  J.  A.  Cranford,  Dept,  of  Biology,  Virginia  Polytechnic  Institute  and  State 
Univ.,  Blacksburg,  Va.  24060.  Species  which  cannot  use  torpor  or  do  so  only 
under  extreme  stress  must  utilize  other  mechanisms  when  confronted  with  winter 
conditions.  Northern  Peromyscus  can  enter  torpor  or  huddle  in  groups  to  reduce 
winter  energy  demands  while  southern  forms  frequently  huddle  and  seldom  enter 
torpor.  The  number  of  individuals  huddling  should  therefore  effect  the 
relative  energy  savings.  Group  size  was  evaluated  within  the  TNZ  and  at  20  C 
12  C,  and  4  C.  Under  each  condition  animals  were  acclimated  to  LD8:16  for  3 
weeks  and  then  for  3  weeks  at  each  test  temperature.  Post  absorbative 
metabolic  rates  were  determined  without  nest  materials  for  group  sizes  from  1 
to  9  and  daily  energy  budgets  were  determined  over  4  day  intervals  for  all 
groups.  Both  measures  of  energetics  slowed  the  same  general  patterns  of 
reduced  energy  needs  with  increasing  group  size.  Statistically  group  sizes 
broke  down  into  3  classes  which  were  different  1,  2  through  4  and  5  through  9. 
From  the  predicted  calculation  of  metabolic  rate  based  on  surface  area 
reduction  group  sizes  of  2  through  4  fit  the  model  but  5  through  9  have 
significantly  lower  metabolic  rates  than  predicted.  This  further  reduction  is 
due  to  the  nature  of  how  the  animals  assemble  within  a  group, 

EFFECTS  OF  TEMPERATURE  VARIATIONS  ON  NEURO TRANSMITTERS  INVOLVED  IN  THE  REGU¬ 
LATION  OF  GASTROINTESTINAL  MOTILITY  IN  GROMPHADORHINA  PORTENTQSA.  G.  R. 

Frencht  R.  R.  Mills,  and  T,  D,  Kimbrough,  Dept,  of  Biol.,  Va.  Commonwealth  Univ. 
Richmond,  Va.  23284.  Perfusion  of  dissected  gut  segments  of  the  hissing  cock¬ 
roach,  Gromphadorhina  portentosa  in  various  concentrations  of  serotonin  (5-hy¬ 
droxy  tryptamine  )  results  in  increased  gut  motility.  The  optimal  concentration 
for  producing  maximum  gut  motility  is  in  the  range  of  10“ 'M  to  10~8m  serotonin. 
Previous  work  by  this  investigator  has  shown  the  optimum  temperature  for  gut 
motility  to  be  approximately  270C  for  non-treated  controls.  However,  when 
gut  segments  are  treated  with  serotonin  or  1-glutamate,  the  optimum  temperature 
for  maximm  motility  is  360G.  In  addition  to  the  very  regular  peak  patterns 
recorded  when  both  drugs  are  added  to  the  perfusate  at  a  concentration  of  10"8 
M,  there  is  observed  a  wide  variance  from  control  in  frequency  of  contraction 
peaks.  Serotonin  and  1-glutamate  also  cause  an  increased  peak  frequency  in 
the  temperature  range  of  20°C  to  36°C, 
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A  COMPUTER  PROGRAM  SET  FOR  SMALL  MUSEUM  COLLECTIONS.  Elizabeth  A.  Gomba  & 
William  S.  Woolcott,  Dept,  of  Biol.,  Univ.  of  Richmond,  Va.  23173.  The  program 
was  designed  specifically  for  use  in  the  University  of  Richmond  Fish  Collection 
which  has  4300  cataloged  specimens.  The  language  is  Fortran  77  (Digital,  1980). 
The  storage  system  is  divided  into  primary  and  secondary  files.  Data  storage 
headings  in  the  primary  file  are  genus,  species,  state,  drainage,  county,  date, 
collection  number,  number  of  specimens,  and  catalog  number.  The  secondary  file 
includes  detailed  information  on  locality  and  collectors.  Program  design 
permits  inputting,  retrieving,  sorting,  updating,  and  deleting  of  records. 

Only  a  minimal  knowledge  of  computers  is  required  to  run  the  programs  as  the 
entire  set  is  "user-friendly".  Other  advantages  are  efficiency  of  storage  and 
speed  in  manipulation  of  data.  (Supported  in  part  by  a  Univ.  of  Richmond 
Undergraduate  Research  Grant). 

ANATOMY  OF  THE  UPPER  REPRODUCTIVE  TRACT  OF  A  PLANORBID  FRESH  WATER  SNAIL 
(Gyraulus  sp,).  Nancy  D,  Greenland  A.  F.  Conway,  Dept,  of  Biol.,  Randolph- 
Macon  Col.,  Ashland,  Va.  23005.  Snails  of  the  genus  Gyraulus  v/ere  narcotized 
with  Procaine  and  MS-222  in  aged  tap  water,  fixed  with  glutaraldehyde  and  1% 
formaldehyde  in  0.01  M  sodium  phosphate  buffer,  pH  7.2,  decalcified  overnight 
with  Cal-ex,  embedded  in  Paraplast,  serially  sectioned,  and  stained  with 
Lillie's  Azure-Eosin.  The  structure  of  the  reproductive  tract  from  the  gonad 
to  the  carrefour  was  reconstructed  from  serial  sections.  The  gonad  or 
ovotestis  consisted  of  a  series  of  anastomosing  hollow  plate-like  units 
oriented  perpendicular  to  the  axis  of  the  gonad.  Sperm  and  egg  producing  areas 
were  intermingled,  with  most  egg  producing  areas  near  the  outer  surface  of  the 
gonad.  The  gonad  units  drained  into  ducts  which  merged  to  form  the 
hermaphrodite  duct.  The  hermaphrodite  duct  was  highly  coiled  near  the  gonad, 
then  followed  a  straight  course  along  the  right  side  of  the  first  body  coil  to 
the  carrefour  area,  A  series  of  5  groups  of  4  seminal  vesicles  evaginated  from 
the  surface  of  the  hermaphrodi te  duct  near  its  midpoint.  The  structure  of  the 
upper  reproductive  tract  of  Gyraulus  sp.  therefore  differs  markedly  from  the 
structure  described  for  closely  related  genera  in  the  previous  literature. 

NUCLEOPROTEIN  CHANGES  DURING  SPERMIOGENESIS  IN  THE  RAT.  Richard  W.  Hall,  Barry 
Zirkin,  and  Jacob  Mayer,  Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  VA  23508 
The  present  study  was  designed  ts  identify  rat  spermatid  nuclear  proteins  into 
which  '  tratesticularly  Injected  {%}lyslne  was  initially  incorporated  and  to  de¬ 
termine  the  fate  of  these  proteins  during  spermeogenesis .  At  intervals  of  2  h, 
24  h,  48  h,  and  96  h  after  Injections,  histological  sections  of  rat  seroniferous 
tubules  were  prepared  for  auto-radiography,  allowed  to  diolyze^for  one  week,  and 
examined  by  light  microscipy  under  oil  immersion.  After  2  h  {'^Hllysine  was  seen 
in  all  of  the  various  steps  of  rat  spermlgenesis ,  with  no  one  step  displaying  an 
acute  increase  in  {  H}  lysine/nuclei  with  respect  to  other  steps  in  the  sperma-»" 
genic  process.  This  is  contrary  to  the  findings  of  Mayer,  Chang,  and  Zerkin, 
1981,  who  found  that  in  the  mouse  {’^H}  lysine  was  intlally  heavily  Incorporated 
into  elongating  spermatid  nuclei!  at  the  initiation  of  chromatin  condensation 
(late  step  12  and  step  13) ,  and  was  retained  for  three  days  through  the  comple¬ 
tion  of  chromatin  condensation.  Our  present  study  showed  no  such  striking  tem¬ 
poral  relationship  between  the  onset  of  chromatin  condensation  in  the  spermatid 
nuclei!  and  the  loss  of  {%}  lysine  proteins  upon  completion  of  spermatid  nucle¬ 
ar  condensation. 
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CROSSFOSTERING  WITHIN  PEROMYSCUS  SPECIES  AND  ITS  EFFECT  ON  GROWTH  AND 
DEVELOPMENT.  L.  Hawkins  and  J.  A.  Cranford,  Dept,  of  Biology,  Virginia 
Polytechnic  Institute  and  State  Univ. ,  Blacksburg,  Va.,  24061.  Young  of  two 
Peromyscus  species  were  reared  under  three  conditions:  nonfostered, 
intraspecif ically  fostered  (infostered)  or  interspecif ically  fostered 
(crossfostered)  in  order  to  examine  the  effect  of  rearing  condition  on 
subsequent  adult  reproductive  behavior.  Variables  evaluated  were  litter 
weights  at  six  points  from  birth  to  five  days  postweaning,  litter  survivorship, 
and  developmental  measures  of  lower  incisor  eruption,  ventral  pelage  growth  and 
eye  opening.  All  animals  were  maintained  as  family  units  under  LD16:8,  20  C, 
with  food  and  water  libitum.  Litter  births  were  recorded  at  0900  and  1600 
with  developmental  data  taken  at  0900  and  weights  during  the  afternoon  litter 
check.  Development  timing  did  not  differ  within  a  species  by  group  type. 
Survivorship  did  not  differ  significantly  by  species  or  group  type.  Within  the 
crossfostered  group,  litters  with  crossfostered  sires  had  lower  litter 
survivorship  than  those  with  crossfostered  dams.  Within  the  two  species 
evaluated  growth  by  foster  type  differed  within  maniculatus  but  not  P.. 
leucopus . 


PENETRATION  OF  ZONA-FREE  HAMSTER  OVA  BY  FROZEN  HUMAN  SPERM.  Keith  H.  Jones 
and  Jacob  Mayer,  Dept,  of  Biol.,  Old  Dominion  Univ.,  Norfolk,  Va. ,  23508.  A 
total  of  12  semen  samples  from  proven  fertile  men  frozen  and  stored  (at  -196° 

C)  for  Intervals  of  1,  2,  and  4  weeks.  These  samples  were  then  thawed  at 
various  intervals  and  evaluated  by  the  Zona-free  hamster  ova  assay  for  their 
ability  to  penetrate  the  oolemma  and  decondense. 

The  concentration  of  frozen  semen  (80.8  ±21  mill. /ml)  and  initial  motility 
(72.2  ±13%)  showed  no  significant  difference  from  that  of  the  fresh  semen 
concentration(75 . 8  ±27  mill. /ml)  and  initial  motility  (68.2  ±9%).  The  motil¬ 
ity  after  thawing  was  significantly  lower  (27.8%)  than  before  freezing 
(72.2%)  (p  <0.01).  All  12  semen  samples  tested  at  either  1,  2,  or  4  weeks, 
penetrated  zona-free  hamster  eggs  at  a  rate  greater  than  or  equal  to  that  of 
the  control  sample  cut  off  point  of  10%.  The  overall  mean  penetration  rate 
for  the  frozen  sperm  was  29,1%  and  45.5%  for  the  fresh  semen. 

These  results  indicate  that  sperm  frozen  and  stored  at  -196°  C  up  to  4 
weeks,  remain  viable  as  evaluated  by  the  Zona-free  hamster  assay. 

SEROTONIN  SYNTHESIS  IN  THE  MT  BODY  0?  Ii:UC0PKAEA  MADERAE.  T.  Daniel 
Kimbrough  &  Stephen  F.  Kemp.  Dept,  of  Biol,,  Va,  Goimnonwealth  Univ.,  Richmond, 
Va.  23284.  The  role  of  serotonin  ( 5“h7droxy tryptamine )  has  apparently  shown 
excitatory  effects  on  all  intestinal  preparations  examined.  However,  little 
is  known  regarding  its  site  of  synthesis  or  specific  mode  of  action  in  the 
digestive  tract  of  the  insect.  In  this  study,  fluorometric  analysis  was  used 
in  connection  with  tissue  culture  to  evaluate  serotonin  levels  in  cockroach 
fat  body,  tissue  bioenergetically  involved  to  the  greatest  extent  in  insect 
metabolism.  The  effects  of  iproniazid  phosphate,  a  monoamine  oxidase  inhibi¬ 
tor,  were  also  tested  against  controls.  Serotonin  concentrations  of  10“^  g 
per  gram  of  tissue  have  been  measured.  Iproniazid  phosphate  causes  an  initial 
slight  increase  in  serotonin  levels,  but  these  levels  drop  below  control  levels 
after  several  hours  in  tissue  culture.  These  cultures  have  remained  contamin¬ 
ation-free  for  26  hrs  in  the  absence  of  antibiotics,  but  reasons  for  the  long¬ 
term  decreases  in  serotonin  levels  are  unclear  at  this  time. 
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FACTORS  AFFECTING  THE  SURVIVAL  OF  FROZEN-THAWED  8-CELL  AND  MORULA  STAGE  MOUSE 
EMBRYOS.  S.E.  Lanzendorf*  and  Jacob  Mayer*,  Dept,  of  Biol.,  Old  Dominion 
Univ. ,  Norfolk,  Va.  23508.  Mouse  8-cell  and  morulae  stage  embryos  were  frozen 
to  -196®C  in  the  presence  of  1.2  M-DMSO  using  a  4-step  procedure.  The  embryos 
survived  the  freeze-thaw  process  if  development  to  blastocyst  was  achieved 
after  culture  for  44-48  hours.  Effects  of  straw  size,  type  of  programmable  bio¬ 
logical  freezer  and  storage  duration  were  examined.  A  significant  difference 
(p^'.05)  was  detected  in  embryo  survival  between  0.5  ml  capacity  freezing  straws 
(29.0%)  and  0.25  ml  capacity  freezing  straws  (40.0%).  Survival  to  blastocyst  in 
the  Planar  Model  #R204  Freezer  (42.5%)  was  significantly  greater  (p<.05)  than 
survival  achieved  using  the  Hoxan  Model  PSP  Freezer  (28.2%).  Significant 
differences  were  not  observed  for  viability  of  embryos  stored  for  1  hour,  7 
days,  10-14  days  and  21-28  days. 

URIC  ACID  EXCRETION  IN  LAST  INSTAR  JUVENILE  ZMCOBLATTA 
FULVESCENS.  Hannah  Lembke  and  Donald  G.  Cochran,  Dept,  of 
Entomology,  VPI  &  SU,  Blacksburg,  Va.  24060.  The  pattern  of  uric 
acid  excretion  during  the  preimaginal  instar  of  Par cobl atta 
f ulvescens  and  its  correlations  to  diet,  sex  and  food  consumption 
were  investigated.  Newly  ecdysed  individuals  were  collected  from 
the  rearing  colonies,  sexed  and  placed  on  either  a  15,  25  or  42% 
protein  diet.  Food  consumption  and  fecal  pellet  formation  were 
monitored  daily  until  the  imaginal  molt.  Uric  acid  content  in  the 
formed  urate  pellets  was  determined  with  a  standard  uricase 
assay.  The  patterns  for  food  consumption,  normal  fecal  and  urate 
pellet  formation  show  a  skewed  distribution  with  peak  feeding 
occurring  on  day  six  and  peak  voiding  of  both  pellet  types  on  day 
seven  of  a  17.0  ±  1.2  (SD)  day  ecdysial  cycle.  Sex  did  not 
significantly  influence  the  amount  of  uric  acid  voided,  but  did 
affect  the  amount  of  food  consumed  and  of  normal  fecal  pellet 
output.  The  level  of  protein  in  the  diet  was  the  most  significant 
factor  (p<.0001)  in  determining  the  amount  of  uric  acid  voided. 

SEROTONIN  ENHANCEMENT  OF  WATER  TRANSPORT  IN  HEJDGUT  OF  THE  AMERICAN  COCKROACH. 
T,  A.  Lohrman.  R.  R.  Mills,  and  T,  D,  Kimbrough,  Dept,  of  Biol.,  Va.  Common¬ 
wealth  Univ.,  Richmond,  Va,  23284.  The  gut  motility  of  the  American  cockroach. 
Peri plane ta  americana  is  greatly  enhanced  by  serotonin  ( 5-hydro3Qrtryptamine ) . 
Noradrenalin  stimulates  motility  slightly  while  the  effect  of  acetylcholine 
appears  to  be  negligible.  Extraction  of  the  gut  and  subsequent  fluorometric 
analysis  indicates  that  serotonin  is  a  naturally  occturing  component  in  the 
concentration  range  of  10*“*^M,  Serotonin  may  stimulate  the  transepithelial 
transport  of  water  across  the  hindgut  into  the  lumen.  Selected  experimental 
data  shows  marked  differences  in  serotonin  treated  gut  strips  when  compared  to 
the  controls,  but  means  values  are  not  significantly  different, 

SEASONAL  ACTIVITY  OF  THE  WOOD  TURTLE  IN  NORTHERN  VIRGINIA.  John  McBreen  and 
Walter  Bulmer,  Natural  Sciences  and  Math  Department,  Northern  Va  Comnty  Col., 
Annandale,  Va  22003.  Wood  Turtle  populations  were  studied  in  the  Nature 
Conservancy  Frazer  Reserve  on  the  Potomac  River  of  Fairfax  County,  Va. 
Individuals  were  captured  on  their  return  to  the  stream  for  hibernation  in 
the  Fall,  1984.  Each  Individual  was  sexed,  aged,  weighed,  photographed, 
marked  and  released  at  the  spot  of  capture.  Males  appeared  in  early  October 
in  the  deeper  parts  of  the  stream  and  were  sedintary  until  hibernation  in  mid 
November.  Females  returned  to  the  stream  later  than  males  and  Fall  mating 
took  place  prior  to  hibernation.  Males  emerged  from  hibernation  in  late 
March,  females  in  April.  Spring  mating  of  aggressive  pre-copulatory  behavior 
was  not  observed.  Departure  from  the  stream  was  complete  by  May. 

Speculation  on  the  disappearance  of  Wood  Turtles  from  adjacent  drainages  is 
hypothesized. 
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EFFECTS  OF  MANAGEMENT  POLICIES  ON  FISH  POPULATIONS  IN  THREE  VIRGINIA  LAKES.  ^ 
R,  Markey,** A.  F.  Conway,  and  C.  B.  Knisley,  Dept,  of  Biol,,  Randolph-Macon 
Col.,  Ashland,  Va.  23005,  and  C,  Sledd  and  D.  Shuber,  Virginia  Commission  of 
Game  and  Inland  Fisheries,  4010  W,  Broad  St.,  Richmond,  Va.  23230.  Rotenone 
surveys  were  conducted  by  the  Virginia  Commission  of  Game  and  Inland  Fisheries 
on  Lake  Anna,  Lake  Chesdin,  and  Fluvanna  Ruritan  Lake.  Fluvanna  Ruritan  Lake 
and  Lake  Chesdin  showed  well  balanced  fish  populations  with  good  numbers  of 
adult  largemouth  bass  and  large  sunfish ^present.  No  adult  bass  and  fewer  large 
sunfiSh  were  present  in  Lake  Anna.  Predation  and  sport  fishing  pressure  are 
similar  in  all  lakes  sampled.  Fluvanna  Ruritan  Lake  is  artificially  fertilized 
yearly  and  has  a  minimum  length  limit  on  bass.  Lake  Chesdin  is  not 
artificially  fertilized  and  has  a  slot  limit  on  bass.  Lake  Anna  is  not 
artificially  fertilized  and  has  a  minimum  length  limit  on  bass.  The  results  of 
this  study  suggest  that  the  Lake  Anna  fish  population  structure  could  be 
improved  by  use  of  a  slot  limit  on  largemouth  bass. 

EFFECTS  OF  DIBUTYRYL  CYCLIC  ADENOSINE  MONOPHOSPHATE  (cAMP)  ON  EARLY  MOUSE 
EMBRYO  DEVELOPMENT  IN  VITRO.  Carol  Miller,  Steven  Ackerman,  R.  James 
Swanson,  and  Lori  A.  Fenwick,  Dept,  of  Biological  Sciences,  Old  Dominion 
University,  Norfolk,  VA  23508.  Two-cell  (C57B1/6  x  CBA)!^  mouse  embryos 
were  cultured  for  72  hours  in  modified  Krebs-Ringer  bicarbonate  (Krebs’)  with 
or  without  ImM  dbcAMP.  Embryonic  development  rates  ^  vitro  were  monitored 
every  24  hours  and  after  72  hours  embryos  were  transcervically  transferred  to 
pseudopregnant  CD-I  recipients  to  evaluate  implantation  and  vivo  develop¬ 
ment.  Supplementation  with  ImM  dbcAMP  enhanced  vitro  rates  of  blastocyst 
development  at  72  hours.  The  mean  is.D.  percent  of  embryos  (n-282)  developing 
to  blastocysts  by  48  hours  in  all  dbcAMP  supplemented  groups  was  20.1%'t3.2, 
compared  to  a  rate  of  0.8%jri,7  for  embryos  cultured  without  dbcAMP.  Embryos 
cultured  in  Krebs'  with  or  without  ImM  dbcAMP  were  transferred  in  Krebs’  with 
or  without  dbcAMP.  Pregnancy  rates  were  higher  when  pseudopregnant  mice 
received  embryos  cultured  in  medium  without  dbcAMP  and  transferred  with  dbcAMP 
in  the  transfer  medium,  compared  to  embryos  transferred  in  medium  without 
dbcAMP.  Implantation  rates  between  groups  of  embryos  cultured  with  or  without 
dbcAMP  were  not  significantly  different  and  no  developmental  anomalies  have 
been  observed. 


EFFECTS  OF  ELEVATED  TEMPERATURES  ON  OYSTERS  MAINTAINED  IN  CLOSED  SEAWATER 
SYSTEMS.  Kathleen  L,  Mmiqan*and  A.  F,  Conway,  Dept,  of  BioL,  Randolph-Macon 
Col.,  Ashland,  Va.  23005.  American  oysters  (Crassostrea  vlrginica)  collected 
from  Indian  Creek  near  Kilmarnock,  Va.  were  maintained  for  1  month  in 
recirculating  closed  seawater  systems  housed  in  environmental  chambers.  The 
systems  were  established  using  a  1/1  mixture  of  Instant  Ocean  artificial  sea 
water  and  natural  sea  water  from  the  collection  site.  The  systems  were 
supplemented  with  filter  concentrated  plankton  from  the  collection  site  until 
algal  populations  in  the  systems  were  well  established.  Systems  were 
maintained  at  approximately  27,  32,  and  37  degrees  C.  Oysters  lost  total 
weight  under  all  conditions  tested,  but  the  loss  was  greatest  and  most  variable 
at  the  highest  temperature.  Although  the  differences  were  not  statistically 
significant,  the  increased  weight  loss  and  the  increased  variability  of  the 
growth  rates  at  the  highest  temperature  tested  suggest  that  the  oysters  were 
physiologically  stressed. 
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REPTILES  AND  AMPHIBIANS  OF  VIRGINIA  BOOKs  UPDATE  1985. 

Joseph  C.  Mitchell,  Dept,  of  Biology,  Univ.  of  Richmond,  VA  23173  and  Christopher 
A.  Pague,  Dept,  of  Biol.  Sciences,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  At  the 
VAS  meeting  we  discussed  our  progress  on  the  natural  history  and  ecology  of 
Virginia's  reptiles  and  amphibians  book  on  which  we  started  the  research  in  1979. 

Since  then  we  have  acquired  the  full  support  of  the  Non-Game  Species  Program  of 
the  Virginia  Game  Commission.  Subsequently,  we  have  examined  most  of  the  speci¬ 
mens  housed  in  museum  and  university  collections  (about  25,000  animals).  Each 
specimen  has  been  verified  with  respect  to  identification  and  many  have  were 
examined  for  data  on  diet,  reproductive  condition,  morphometries  and  phenotypic 
variation.  We  have  also  amassed  a  large  voucher  collection  to  further  document 
and  verify  the  biology  of  these  animals.  A  group  of  student  employees  assists  in 
a  variety  of  ways  to  assemble  and  organize  the  large  data  sets.  The  book  is 
scheduled  to  be  written  during  FY  1987-1988.  It  will  include  a  complete  set  of 
color  plates,  technical  drawings  of  all  larvae  and  tadpoles,  keys,  accurate  distri¬ 
bution  maps  and  species  accounts  integrating  our  original  data  with  information  in 
the  literature.  Selected  species  still  elude  us,  as  they  have  historically  eluded  other 
researchers;  these  are  discussed  briefly. 

THE  COMPARISON  OF  VARIOUS  MEDIA  ON  THE  CRYOPRESERVATION  OF  HUMAN  SEMEN.  Sharon 
L.  Nagle,  Susan  Lanzendorf,  Dr.  Jacob  Mayer,  Dept,  of  Biol.,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  The  cryosurvival  of  human  spermatozoa  was  compared  in  two 
different  media.  The  first  medium  consisted  of  10%  glycerol  only  and  the  sec¬ 
ond  consisted  of  2.5%  glycerol  with  the  addition  of  Tris/egg  yolk  buffer(TESTCY) . 
After  15  minutes  of  liquif ication  at  room  temperature,  the  semen  was  diluted 
wich  cryoprotective  media  containing  glycerol  only  (10%)  or  with  2.5%  glycerol 
containing  TESTCY.  The  semen-media  mexture  was  distributed  into  0.5  ml  aliquots 
in  freezer  vials.  Vials  were  frozen  by  gradually  lowering  into  a  temperature 
gradient  of  liquid  nitrogen  vapor.  Vials  were  stored  under  liquid  nitrogen  for 
at  least  two  hours.  Thawing  took  place  by  exposing  vials  to  4  C  for  10  minutes, 
followed  by  gradual  warming  to  ambiant  temperature.  Measurements  of  sperm  motil¬ 
ity  were  carried  out  on  samples  of  raw  semen  and  semen  in  cryoprotective  media 
both  before  and  after  freezing.  Ejaculates  from  five  different  men  gave  a  mean 
motility  56.0%  *10.1  in  semen  plasma,  46.1%  ^5.9  in  10%  glycerol  only,  and  55.9% 
*8.8  in  TESTCY.  After  thawing,  mean  sperm  motility  in  10%  glycerol  was  27.6% 

*5.0  and  36.8%  *9.5  in  TESTCY.  The  recovery  rate,  that  is  percentage  of  motile 

sperm  recovered  after  freezing  was  50.5%  *22.7  for  10%  glycerol  and  65.7  *9.0 
for  TESTCY.  The  results  indicate  that  TESTCY  is  a  more  effective  medium  than 
10%  glycerol  as  determined  by  the  recovery  rates. 

RELATIONS  BETWEEN  ANURAN  TESTES  SIZE  AND  BODY  SIZE  WITH  COMMENTS  ON  SEXUAL 
SELECTION.  Christopher  A.  Pague,  Dept,  of  Biol.  Sci.,  Old  Dominion  Univ,, 
Norfolk,  Va.  23508.  The  production  of  vertebrate  male  gametes  has  been 
considered  energetically  inexpensive  relative  to  reproductive  costs  incurred 
by  females.  Consequently  females  risk  greater  energy  and  fitness  loss  as  a 
result  of  a  wrong  mate-choice  decision.  Much  of  modern  sexual  selection 
theory  assumes  an  unlimited  sperm  supply.  In  an  examination  of  this  assump¬ 
tion  I  investigated  the  relationship  of  testes  size  to  body  size  in  3  species 
(of  three  genera)  of  anurans  from  southeastern  Virginia.  Testes  size  was 
found  to  correlate  positively  with  body  size  in  all  species.  Potential 
implications  of  the  interrelationships  of  these  parameters  are  discussed  in 
view  of  modern  sexual  selection  theory.  (Partial  funds  for  this  project  were 
provided  by  the  Non-Game  Program  of  the  Virginia  Commission  of  Game  and  Inland 
Fisheries . ) 
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THE  STATUS  OF  THE  DOG  FLEA  Ctenocepha 1  ides  canis  IN  VIRGINIA.  H.  F.  Painter  and 
R.P.  Eckerlin,  Nat.  Sci.  Div. ,  Northern  Va.  Cmnty.  Col.,  Annandale,  VA  22003. 

The  dog  flea,  Ctenocepha! i des  canis  and  the  cat  flea,  Ctenocepha! ides  feiis 
originated  in  the  Old  World  and  were  carried  world-wide  on  pet  dogs  and  cats. 

They  have  since  spread  to  other  hosts.  The  dog  flea  has  been  recorded  from 
Virginia  only  from  1918  to  1976.  Never  as  numerous  as  C.  feiis,  it  has  been 
found  on  dogs,  cats  and  foxes,  and  in  "hog-pens”  and  "houses".  We  recently 
examined  over  375  fleas  from  dogs  and  cats  from  many  Virginia  localities.  All 
fleas  were  C.  feiis.  We  have  also  examined  over  a  dozen  foxes  without  finding  C, 
canis,  but  did  find  2  C.  feiis.  In  explanation  of  the  apparent  decline  in  C. 
canis  numbers  elsewhere,  some  authorities  have  suggested  that  hybridization  with 
C.  feiis  is  taking  place,  others  feel  that  C.  canis  has  spread  to  wild  canids 
because  it  cannot  compete  with  C.  feiis  on  domestic  animals.  in  some  cases  old 
records  appear  to  be  in  error  in  that  C. feiis  has  been  recorded  as  C.  canis 
perhaps  because  it  was  on  a  canid.  The  differential  characteristics  of  these  two 
fleas,  such  as  head  morphology,  tibial  spination,  spiracular  size,  etc.  are 
discussed.  Supported  in  part  by  a  grant  from  the  Virginia  Academy  of  Science. 

BINDING  OF  SEROTONIN  TO  HEMOLIMPH  PROTEINS  IN  THE  ALIMENTARY  CANAL  OF  THE  COCK¬ 
ROACH.  D,  M,  Rasmussent  T.  D,  Kimbrough,  and  R.  R.  Mills,  Dept,  of  Biol.,  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23284.  Injection  of  radiolabeled  ”54c-seroto- 
nin  (5“hydroxytryptamine)  into  American  cockroaches,  Peri plane ta  americana. 
results  in  the  binding  of  the  hormone  to  hemolymph  proteins.  Disc  gel  electro¬ 
phoresis  and  slab  gel  electrophoresis  using  polyacrylamide  show  a  variety  of 
proteins.  The  use  of  a  gel  slicer  and  subsequent  radioactive  analysis  of  the 
slices  in  a  scintillation  counter  reveal  three  major  and  two  minor  peaks. 

These  data  are  discussed  in  regard  to  serotonin  carrier  proteins  and  their 
hemolymph  transfer  to  and  from  various  organ  systems. 

A  HAMSTER  OVA  PENETRATION  ASSAY  FOR  HUMAN  MALE  FERTILITY.  Pedro  Recover, 

Steven  Ackerman,  R.  James  Swanson,  and  Jacob  Mayer,  Dept,  of  Biological 
Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Infertility  affects  15% 
of  married  couples  in  America  and  in  approximately  half  of  these  barren 
relationships  the  husband  is  the  affected  party.  This  report  describes  a 
novel  assay  for  male  infertility  diagnostics  in  which  sperm  from  the  patient 
and  a  proven-fertile  donor  are  allowed  to  penetrate  enzymatically-treated 
hamster  eggs  and  the  penetration  rates  compared.  This  functional  sperm  assay 
measures  the  ability  of  the  patient's  sperm  to  undergo  capacitation,  oolema 
penetration  and  nuclear  decondensation.  In  a  one-year  study  of  patients 
attending  the  ODU/EVMS  Andrology  Laboratory  for  infertility  diagnostic 
evaluation  sperm  from  136  patients  and  80  fertile  controls  were  tested.  Over 
96%  of  donor  specimens  achieved  a  penetration  rate  of  over  20%  (considered 
normal) ,  compared  to  only  38%  of  patient  specimens .  Only  1  of  80  donor 
specimens  penetrated  less  than  10%  of  the  eggs  (considered  an  abnormal  pene¬ 
tration  rate),  compared  to  38%  of  the  patient  specimens.  This  test  is 
currently  used  in  our  laboratory  to  screen  infertile  males  and  is  also  used  to 
investigate  experimentally  the  physiology  of  sperm  capacitation  and 
fertilizing  potential. 
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ABUNDANCE  AND  CHARACTERISTICS  OF  SNAGS  IN  YOUNG  AND  OLD  MIXED  HARDWOODS, 

Daniel  K.  Rosenberg,  James  D.  Fraser,  and  Dean  F.  Stauffer,*  Dept,  of  Fish¬ 
eries  &  Wildl.  Sciences,  Va.  Polytech.  Inst.  &  St.  Univ.,  Blacksburg,  Va.  24061. 
Snag  characteristics  were  investigated  for  three  age  classes  of  hardwoods 
(60-79,  80-99,  100+  years)  in  the  Jefferson  National  Forest,  southwest 
Virginia.  We  recorded  species,  dbh,  height,  %  bark,  %  limbs,  foraging  evidence 
and  cavities  for  each  snag  >=2  cm  dbh  and  >=1  m  tall.  Minimum  diameter  of 
dead  stems  with  foraging  evidence  was  3.0  cm.  Snag  (^3.0  cm  dbh)  density  among 
the  age  classes  was  similar  (X=159.3  snags/ha,  SE=11.3),  although  the  distri¬ 
bution  of  snags  among  diameter  classes  differed  (x^  =  31.07,  P<.001).  Mean 
dbh  was  greater  in  the  older  age  classes  (p<.05).  Pinus  spp.  were  preferred 
for  foraging;  Cornus  florida  was  avoided  CP<.001).  More  snags  had  foraging 
evidence  in  stands  >80  years  (x^^6,21,  PC05).  The  proportion  of  snags 
with  foraging  evidence  or  cavities  was  greater  with  larger  snags  (P<.001).  If 
proposed  forest  management  plans  are  implemetned  for  the  Jefferson  National 
Forest,  cove  hardwoods  100+  years  would  be  eliminated  in  15  decades,  which 
would  detrimentally  affect  snag-dependent  wildlife. 

EPIGENETIC  MECHANISMS  IN  THE  DEVELOPMENT  OF  PIT  ORGANS  IN  SNAKES; 
ESTABLISHMENT  OF  HYPOTHESES.  Alan  H.  Savitzky,  Dept,  of  Biol.  Sci.,  Old 
Dominion  Univ.,  Norfolk,  Va.  23508.  Infrared  receptors  known  as  pit  organs 
occur  in  two  higher  taxa  of  snakes,  the  Boidae  and  the  Crotalinae.  The  pit 
organs,  which  are  innervated  by  the  trigeminal  nerve,  are  important  in 
locating  endothermic  prey.  Concomitant  with  the  presence  of  the  pit  organs 
themselves  are  modifications  of  the  central  nervous  system  and,  in  some 
cases,  the  skull.  Crotalines  possess  a  single  large  pit  organ  anterior  to 
each  eye.  The  sister  taxon  of  the  crotalines,  the  Viperinae,  lacks  any 
trace  of  the  pit  organ  system.  Within  the  Boidae  some  lineages  completely 
lack  pit  organs,  whereas  others  possess  varying  configurations  of  pit  organs 
along  the  upper  and  lower  lips.  Patterns  of  pit  organ  distribution  are 
species-specific  and  often  lineage-specific.  It  is  hypothesized  that  the 
development  of  the  pit  organ  is  induced  by  the  trigeminal  nerve,  which  is 
suspected  of  inducing  other  integumentary  derivatives  in  vertebrates. 
Relatively  simple  changes  in  the  timing  of  trigeminal  growth  might  account 
for  the  size  and  distribution  of  the  pit  organs.  Such  a  hypothesis  is 
amenable  to  testing  by  experimental  and  comparative  means. 

REPRODUCTIVE  CYCLE  OF  THE  NORTHERN  COPPERHEAD,  AGKISTRODON  CONTORTRIX,  IN 
VIRGINIA.  Scott  J.  Stahl  and  Joseph  C.  Mitchell,  Dept,  of  Biology,  Univ.  of 
Richmond,  VA  23173.  The  seasonal  reproductive  cycle  of  male  and  female  cop¬ 
perheads  were  studied  via  dissections  of  90  museum  specimens  and  road-killed 
animals.  Males  average  significantly  larger  than  females.  Monthly  samples 
of  testis  mass  (adjusted  for  variation  in  body  mass)  were  minimal  in  spring 
samples,  exhibited  peak  masses  in  August  and  September  and  regressed  in  Oct. 
Histological  analyses  revealed  concordance  between  the  adjusted  testis  mass 
cycle  and  monthly  variation  in  adjusted  seminiferous  tubule  diameter.  Peak 
spermiogenesls  occurred  in  July  and  August.  Epididymis  diameters  were 
larger  in  late  summer  and  fall  than  in  spring  samples.  Only  45%  of  the 
female  sample  was  mature.  Vitellogenic  follicles  were  found  only  in  spring 
samples  and  ovulation  occurs  in  late-May  to  early- June.  Partultlon  typical¬ 
ly  occurs  in  Sept,  and  early-Oct.  Litter  size  was  log-normally  and  posi¬ 
tively  related  to  female  body  size.  Variation  in  body  size  explains  39%  of 
the  variation  in  log-litter  size.  Mean  litter  size  was  7.1.  (supported  by 
a  UR  Undergraduate  Research  grant  to  SJS  and  the  Non-Game  Species  Program  of 
the  Virginia  Game  Commission  to  JCM. ) 
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SEASONAL  CHANGES  IN  RATE  AND  EQUILIBRIUM  VALUES  FOR  ISLAND  COLONIZATION  BY  PROTO¬ 
ZOA  IN  AN  OLIGOTROPHIC  LAKE.  Michael  R.  Van  Brunt  and  yilliam  H,  Yongue,  Jr., 
Dept.,  of  Biol.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061.  Separate  21-day 
seasonal  investigations  were  made,  where  polyurethane  foam  (PF)  units  were  sus- 
pended  in  the  pelagic  zone  of  ollgotrophic  Mountain  Lake,  Va.,  for  colonization 
by  protozoa.  During  each  investigation,  sets  of  PF  units  were  collected  after 
being  Immersed  in  the  lake  for  different  lengths  of  time  and  the  number  of  spe¬ 
cies  present  in' each  unit  was  determined.  The  data  were  fitted  to  the  MacArthur- 
Wilson' colonization  equation,  S.=(1-e“3^),  where  is  number  of  species  present 
at  time  t,  g  is  a  constant  related  to  colonizatlon^rate,  and  Seq  is  the  number  of 
species  present  at  equilibrium,  yhen  comparing  colonization  parameters  between 
investigations  (for  total  species,  flagellates,  and  cillates)  two  relationships 
were  prominent  and  in  several  comparisons  statistically  significant  Co<=0.01): 

(1)  estimated  Seq-values  were  higher  for  summer  stratification  curves  than  for 
fall  or  spring  overturn  curves,  and  (2)  estimated  g-values  were  lower  for  summer 
stratification  curves  than  for  fall  or  spring  overturn  curves.  These  results 
suggest  that  seasonal  changes  in  rate  and  equilibrium  values  can  be  unrelated, 
in  respect  to  MacArthur-Wilson  theory.  This,  in  turn,  places  in  question  the 
interseasonal  predictive  value  of  colonization  curves. 

SEASONAL  EFFECTS  ON  COLONIZATION  CURVE  STABILITY  IN  DEVELOPING  PROTOZOAN  COMMUNI- 
"^lES.  Michael  R.  Van  Brunt  and  yilliam  H.  Yongue,  Jr.,  Dept,  of  Biol.,  Va.  Poly¬ 
technic  Inst.,  Blacksburg,  Va.  24061.  An  analysis  of  protozoan  colonization  data 
is  presented  and  interpreted  in  light  of  plankton  and  water  temperature  data.  The 
data  were  collected  during  21 -day  seasonal  investigations  made  in  the  pelagic 
zone  of  oligotrophic  Mountain  Lake,  Va.  To  test  curve  stability,  two  sets  of 
concurrently  obtained  and  hypothetically  similar  data  were  compared:  (1)  where 
sets  of  polyurethane  foam  (PF)  units  (to  be  colonized  by  protozoa)  were  placed  In 
the  lake  on  different  days  and  all  collected  on  one  day,  and  (2)  where  sets  of  PF 
units  were  placed  In  the  lake  all  on  one  day  and  subsequently  collected  on  dif¬ 
ferent  days.  Additionally,  plankton  tow  samples  were  periodically  collected  us¬ 
ing  a  10  pm  mesh  net  and  temperature  profile  measurements  were  made.  Results 
showed  that  the  number  of  species  In  plankton  tow  samples  increased  significantly 
(iX=0.01)  just  prior  to  the  fall  overturn  period.  This  corresponded  to  dissimi¬ 
lar  colonization  curves  obtained  during  this  time.  Generally,  results  indicated 
curve  stability  was  not  effected  during  investigations  made  within  a  seasonal 
period.  The  results  suggest  that  curve  stability  can  be  rapidly  decreased  dur¬ 
ing  seasonal  transition  periods  by  environmental  fluctuations,  but  that  within  a 
season  environmental  fluctuations  may  have  a  substantially  smaller  effect. 

INTRA-FAMILIAL  DISPERSION  PATTERNS  IN  WHITE-FOOTED  MICE,  PEROMYSCUS  LEUCOPUS. 
Jerry  0.  Wolff  and  Katharine  I.  Lundy,  Dept,  of  Biology,  University  of  Virginia, 
Charlottesville,  VA  22901.  Spatial  relationships  of  white-footed  mouse 
(Peromyscus  leucopus)  dams  and  their  offspring  and  of  littermates  post-weaning 
were  determined  to  evaluate  if  their  dispersion  was  sufficient  to  prevent 
inbreeding.  Mothers  tended  to  leave  their  first  nest  site  and  establish 
another  nest  site  within  or  near  their  original  home  range.  Daughters 
inherited  part  of  the  maternal  home  range  but  sons  dispersed.  Dispersal  was 
self-motivated  and  did  not  result  from  adult  aggression.  During  the  following 
breeding  season,  sons  were  not  in  proximity  to  their  mothers  or  sisters. 
Daughters,  however,  frequently  attained  sexual  maturity  and  bred  within  the 
home  range  of  males  that  could  have  been  their  fathers.  Differential 
dispersal  of  male  and  female  juveniles  reduces  the  probability  of  mother-son 
and  brother-sister  matings,  but  there  is  no  obvious  dispersal-related 
mechanism  to  prevent  father-daughter  matings. 
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DENDROECOLOGY  OF  THREE  OLD-GROWTH  RED  SPRUCE  STANDS  IN  THE  MID-APPALACHIANS. 

H.  5.  Adams,  D.  S.  Lancaster  Cmnty.  Col.,  Clifton  Forge,  VA  24422  and  S.  L. 
Stephenson,  Dept,  of  Biology,  Fairmont  State  Col.,  Fairmont,  WV  26554.  Incre¬ 
ment  growth  cores  were  collected  from  red  spruce  (Picea  rubens  Sarg.)  trees  in 
two  old-growth  stands  in  central  West  Virginia  (Shavers  Mountain  in  Randolph 
County  and-  Cheat  Mountain  in  Pocahontas  County)  and  one  stand  located  in 
southwestern  Virginia  (Salt  Pond  Mountain  in  Giles  County).  Quantitative  data 
were  obtained  on  composition  and  structure  of  all  strata  of  vegetation  in 
these  same  stands.  The  stands  ranged  in  age  from  196  ±  8.4  to  201  ±  9.6  yrs; 
age  of  the  oldest  cored  tree  was  368  yrs.  Dendroecological  (tree-ring) 
analysis  showed  a  period  of  decline  in  growth  of  trees  at  all  sites  during  the 
late  1800s;  this  was  followed  by  recovery  to  the  previous  rate  of  growth 
within  two  decades.  Basal  area  of  trees  larger  than  2.4  cm  DBH  ranged  from 
36.0  to  46.1  m^/ha,  with  the  highest  value  recorded  in  the  Giles  County,  VA 
stand.  These  figures  are  considerably  less  than  those  recorded  at  earlier 
dates  (e.g.,  1937,  1951,  1966)  for  similar  old-growth  stands  in  the 
Appalachians,  which  suggests  that  a  general  decline  has  occurred  over  the  last 
half-century. 

ECOLOGY  OF  MID-APPALACHIAN  FIR  COMMUNITIES.  H.  5.  Adams,  D.  S.  Lancaster 
Cmnty.  Col.,  Clifton  Forge,  VA  24422  and  S.  L.  Stephenson,  Dept,  of  Biology, 
Fairmont  State  Col.,  Fairmont,  WV  26554.  The  two  species  of  fir  (Abies 
balsamea  and  fraseri)  indigenous  to  eastern  North  America  reach  their 
respective  distributional  limits  in  the  mid-Appalachians.  The  northernmost 
locality  for  Fraser  fir  is  the  summit  of  Mount  Rogers  in  southwestern 
Virginia,  where  this  species  occurs  in  nearly  pure  stands  at  elevations  above 

I, 700  m.  Associates  in  the  tree  stratum  are  Picea  rubens,  Sorbus  americana, 
and  Betula  lutea.  The  southernmost  populations  of  balsam  fir  are  found  in  the 
Allegheny  Mountains  of  central  West  Virginia  and  in  the  northern  Blue  Ridge 
Mountains  of  Virginia.  In  West  Virginia,  fir  is  confined  to  wet-mesic  sites 
at  elevations  of  980  to  1,120  m;  major  associated  species  are  Picea  rubens, 

Tsuga  canadensis,  and  Betula  lutea.  In  the  Shenandoah  National  Park,  Virginia, 
balsam  fir  is  found  only  as  a  minor  component  in  stands  dominated  by  hardwoods 
(e.g.,  Quercus  rubra,  Q.  alba,  and  Betula  lutea)  at  elevations  of  approximately 
1,200  m. 

SPECTRAL  REFLECTANCE  CHARACTERISTICS  OF  LICHENS.  C.M.  Ager  and  N.M.  Milton,  MS 
927,  U.S.  Geological  Survey,  Reston,  VA  22092.  Remote-sensing  instruments  record 
ground  units  composed  of  mixtures  of  vegetation,  soil,  rock,  and  other  components. 
Lichen  cover  is  often  an  important  component  of  rock  outcrop  surfaces.  Because 
many  lichen  species  favor  particular  substrates,  the  individual  spectral  charac¬ 
teristics  of  lichen  and  rock  can  define  a  signature  for  the  composite  spectrum. 
Lichens  were  collected  between  June  1984  and  April  1985  from  rocks  and  tree 
trunks  in  the  United  States  and  Spain.  Spectral  measurements  from  400  to  2,500  nm 
were  made  in  laboratory  or  field.  In  the  visible  region  (400-700  nm),  reflectance 
curves  vary  in  shape.  Laboratory  spectra  show  a  chlorophyll  band,  whereas  field 
spectra  taken  in  Spain  during  the  dry  season  (June  1984)  have  no  apparent  absorp¬ 
tion  band  near  680  nm,  indicating  that  chlorophyll  is  not  active  in  the  dormant 
lichens.  Reflectance  curves  of  plants  are  generally  flat  in  the  near-infrared 
(700-1200  nm).  However,  lichen  spectra  tend  to  increase  in  reflectance  as  wave¬ 
length  increases.  In  the  short-wavelength  infrared  (1,200-2,500  nm),  bands  at 
1,400  and  1,900  nm  are  due  to  the  presence  of  water.  Other  bands  (for  example, 
near  2,200  nm)  are  caused  by  absorption  of  clays  in  the  underlying  rocks.  The 
remaining  bands  are  caused  by  absorption  by  particular  components  of  the  lichen 
than  us,  and  are  the  bands  of  interest  for  remote-sensing  applications. 
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PRELIMINARY  STUDIES  OF  THE  VASCULAR  FLORA  ALONG  THE  JAMES  RIVER  EAST  OF  THE  FALL 
LINE.  Robert  Atkinson  and  Norlyn  L.  Bodkin,  Dept,  of  Biology,  James  Madison 
Univ.,  Harrisonburg,  Va.  22807.  The  James  River  is  approximately  400  miles  in 
length  and  traverses  4  physiographic  provinces:  Ridge  and  Valley,  Blue  Ridge, 
Piedmont,  and  Coastal  Plain.  Tidal  influence  extends  from  the  mouth  at  Hampton 
Roads  95  miles  upstream  to  the  Fall  Line  at  Richmond.  Average  freshwater  flow 
through  Richmond  is  7,500  c.f.s.  and  the  discharge  of  the  James  River  accounts 
for  14-16%  of  the  freshwater  that  reaches  the  Chesapeake  Bay.  The  semidiurnal 
Influx  of  salt  water  into  the  James  River  interacts  with  freshwater  efflux  to 
create  salinity  gradients.  Average  salinity  decreases  from  20. ppt.  at  the  mouth 
to  near  0  approximately  45  miles  upstream,  but  salinity  gradients  are  more  abrupt 
in  the  James  River’s  tidal  tributaries.  Salt  acts  as  an  osmotic  and  ionic  stress 
to  plants  and  is  the  dominant  factor  in  marsh  plant  geographical  distribution. 
Collection  site  locations  were  selected  on  the  basis  of  ecological  data  along 
salinity  gradients  with  more  collection  sites  located  in  low  salinity  areas. 
Extensive  ecological  data  is  available  on  marsh  plants,  but  a  comprehensive 
floristic  survey  of  the  James  River  is  lacking.  The  present  study  is  a  survey 
of  the  vascular  flora  present  in  the  marshes  and  swamps  of  the  James  River’s 
tidal  section. 

EFFECTS  OF  ELAIOSOME  REMOVAL  ON  GERMINATION  IN  AN  ANT-DISPERSED  PLANT, 

SANGUINARIA  CANADENSIS.  Marion  C.  Blois,  Dept,  of  Biol.,  No.  Va.  Comm.  Col., 
Manassas,  Va  22110  &  L.  L.  Rockwood,  Dept,  of  Biol.,  George  Mason  Univ., 

Fairfax,  Va  22030.  Some  researchers  have  hypothesized  that  the  removal  of  the 
el aiosome stimulates  germination  in  the  seeds  of  ant-dispersed  plants.  In  the 
experiment  reported  here,  300  bloodroot  (Sanguinaria  canadensis)  seeds  were 
divided  into  four  groups.  Two  sets  of  seeds,  one  with  intact  elaiosomes  and  one 
with  elaiosomes  removed,  were  taken  through  seasonal  temperature  and  daylength 
regimes  in  an  incubator.  The  remaining  sets  of  seeds  were  put  through  the  same 
temperature  conditions,  but  were  kept  in  the  dark.  Again,  half  of  the  seeds  had 
their  elaiosomes  removed.  Under  light  conditions,  1%  of  the  seeds  with 
elaiosomes  germinated,  while  3%  germinated  when  elaiosomes  were  removed.  In  the 
dark  conditions  there  was  a  30%  germination  rate  for  seeds  with  elaisomes  re¬ 
moved,  while  no  seeds  with  intact  elaiosomes  germinated.  Thus  the  germination 
rate  was  significantly  (p  <  0.001)  greater  for  seeds  with  elaiosomes  removed 
and  grown  in  the  dark.  When  light  and  dark  data  are  combined,  germination  is 
significantly  (p  <  0.001)  greater  for  seeds  v^ihose  elaiosomes  have  been  removed 
(12.0%  versus  0.67%  with  intact  elaiosomes). 

BOTANY  IN  SOUTH  AFRICA:  RESEARCH  AND  FLORA.  R.  Dean  Decker,  Dept,  of 
Biology,  Univ.  of  Richmond,  VA  23173.  The  People-to-People  Ambassador  Program 
sponsored  27  botanical  delegates  to  visit  South  Africa.  The  Univ.  of  Richmond 
supported  the  author’s  participation  in  this  event  from  Sept.  21  to  Oct. 12, 
1984.  The  sites  visited  were  Johannesburg,  Pretoria,  Mala  Mala  Game  Reserve, 
Bloemfontein,  Port  Elizabeth,  and  Cape  Town.  The  purposes  of  the  trip  were  to 
(1)  establish  personal  contacts  with  botanists  in  South  Africa,  (2)  exchange 
research  information,  and  (3)  observe  the  flora.  The  delegation  interacted 
with  faculty  from  Potchef stroom  Univ.,  the  Botanical  Res.  Institute,  Univ.  of 
the  Orange  Free  State,  Glen  Agri.  Col.,  Univ.  of  Port  Elizabeth,  Univ.  of  Cape 
Town,  Univ.  of  Stellenbosch,  and  the  Res.  Inst,  of  Wine  Technology.  Visits 
were  made  to  Tsitsikamma  Coastal  Nat.  Park,  Kirstenbosch  Nat.  Botanical 
Gardens,  Worcester  Karoo  Gardens,  and  Cape  Point  Nat,  Park.  Research  projects 
studied  in  South  Africa  included  range-grass  ecology,  gold  mine  tailings 
reclamation,  plant  water  requirements  as  related  to  irrigation,  and  the 
ecology  of  the  Cape  and  mountain  fynbos  vegetation.  This  brought  to  the 
attention  of  the  delegates  the  varied  and  beautiful  flora  of  South  Africa.  As 
it  was  spring,  many  plants  were  in  full  flower.  Of  particular  note  was  the 
many  species  of  the  family  Proteaceae. 
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SYSTEMATIC  VALUE  OF  POLLEN  IN  STRIGA  TAXONOMY.  Mark  A.  Deleon- 
ardis ,  Dept.  Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508. 

The  pollen  of  three  species  of  Striqa  was  studied  using  SEM. 
Exostructures  of  S.  qesner ioides ,  S.  hermonthica ,  and  S.  brachy- 
calyx  are  similar.  There  may  be  some  difference  in  the  number 
of  colpi  among  these  species.  Other  features  of  Striqa  pollen 
morphology  will  be  discussed. 

ANATOMY  AND  SYSTEMATIGS  OF  PENTHORUM  L.  Melanie  L.  Haskins  and  W.  John  Hayden, 
Dept,  of  Biol,,  Univ.  of  Richmond,  Richmond,  Va.  23173*  The  genus  Penthorum  L. 
consists  of  two  species  of  perennial  herbs,  P.  sedoides  common  in  eastern  North 
America  and  P.  chinense  native  to  the  Orient.  Morphologically  Intermediate 
between  Grassulaceae  and  Saxif ragaceae ,  Penthorum  has  been  classified  variously 
in  both  these  families  or  in  the  monogeneric  Penthoraceae .  A  thorough  anatom¬ 
ical  study  of  both  species  was  undertaken  in  an  attempt  to  resolve  their 
relationships.  Prominent  features  of  Penthorum  include:  second  rank  brochid- 
odromous  venation;  rosoid  teeth;  imperfect  and  irregular  areoles;  anomocytic 
stomata;  one-trace  unilacunar  nodes;  many-barred  scalariform  perforation 
plates;  thin-walled  non-sepia, te  fiber-tracheids;  very  abundant  uniseriate  and 
biseriate  homocellular  rays;  and  no  axial  xylem  parenchyma.  ]yfe,ny  of  these 
character  states  are  widely  accepted  as  primitive,  and  Penthorum  shares  few 
advanced  features  with  Grassulaceae  or  Saxif mgaceae .  Thus,  the  anatomical 
evidence  does  not  convincingly  support  placement  of  Penthorum  in  either  family 
and  suggests  it  should  be  maintained  as  a  sei»,rate  family. 

STEM  ONTOGENY  AND  PHYLOGENY  IN  CHAMAESYCE.  W.  John  Hayden,  Dept,  of  Biology, 
Univ.  of  Richmond,  Richmond,  Va.  23173.  The  aborted  stem  apex  in  seedlings  of 
Chamaesyce  and  the  subsequent  proliferation  of  lateral  (secondary)  axes  have 
long  been  hypothesized  to  be  homologous  with  the  whorl  of  branches  character¬ 
istic  of  the  transition  to  cyathium  production  in  Euphorbia  subgenus  Agaloma. 
Detailed  anatomical  and  ontogenetic  studies  of  seedlings  of  several  species  of 
Chamaesyce  were  undertaken  for  comparison  with  Euphorbia  in  order  to  test  this 
proposed  homology.  Some  species  of  Chamaesyce  retain  an  aborted  remnant  of  the 
epicotyl  through  early  stages  of  seedling  development,  while  others  retain  no 
vestige  of  an  epicotyl  beyond  the  first  pair  of  true  leaves.  The  first  two 
lateral  branches  in  Chamaesyce  arise  from  cotyledonary  axillary  buds;  subsequent 
branches  arise  de  novo  from  tissue  near  the  base  of  the  first  two  branches. 
Variation  in  the  position  of  subsequent  branches  relative  to  the  first  pair 
provides  the  basis  for  recognizing  els  and  trans  branching  patterns.  Vascular 
tissue  supplying  cotyledons,  leaves,  and  branches  of  the  seedling  form  complex 
patterns  that  seem  highly  conserved  in  the  species  studied.  In  contrast,  the 
presumably  homologous  region  in  Euphorbia  is  characterized  by  non-proliferating 
lateral  buds  and  ordinary  trllacunar  nodes.  These  results  suggest  that  tra¬ 
ditional  concepts  of  homology  between  these  taxa  may  be  in  error. 


STUDIES  ON  THE  BIOLOGY  OF  A  RARE  DODDER,  CUSCUTA  CEPHALANTHI. 
Christopher  G.  Hun t ,  Dept.  Biol.  Sci.,  Old  Dominion  Univ., 
Norfolk,  Va.  23508.  Cuscuta  cephalanthi  is  known  from  only  four 
coastal  and  one  northern  Virginia  county.  Seeds  from  a  North 
Carolina  population  were  germinated  after  soaking  in  concentrated 
sulphuric  acid  for  30  minutes.  After  7  days  in  the  light  at  25 
C  86%  of  the  seeds  had  germinated  and  were  then  placed  onto 
Coleus  sp..  Pelargonium  sp.,  Hedera  helix ,  and  Impat lens  sp. 
Seedlings  grew  best  on  Coleus .  Flowers  are  4  (rarely  5)  merous, 
glabrous,  1.5-2. 5  mm  long,  with  erect  corolla  lobes.  The  pollen 
ovule  ratio  was  approx.  220/1;  the  significance  of  this  ratio  to 
that  of  other  dodders  will  be  discussed.  The  scale  leaves  of  C. 
cephalanthi  are  slightly  dentate/erose .  This  unique  vegetative 
feature  readily  separates  C.  cephalanthi  from  other  Virginia 
dodders  even  at  a  very  young  stage.  Cuscuta  cephalanthi  is 
protogynous,  suggesting  insect  pollination. 
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TAXONOMY  AND  ECOLOGY  OF  THE  CUSCUTA  INDECORA-C.  CORYLI  COMPLEX 
IN  VIRGINIA.  George  A.  Janek ,  Dept.  Biol.  Sci.,  Old  Dominion 
Univ.,  Norfolk,  Va.  23508.  Cuscuta  indecora  and  C.  coryli  are 
are  apparently  closely  related  dodders.  In  regional  manuals 
and  floras  C.  coryli  is  described  as  4-merous  and  C.  indecora 
as  5--merous.  The  calyx  and  corolla  are  of  equal  length  in  C. 
coryli ;  the  corolla  is  twice  as  long  as  the  calyx  in  C,  indecora . 
The  tubular  flowers  in  C.  coryli  are  about  2  mm  long  while 
the  campanulate  flowers  of  C.  indecora  range  from  2  to  5  mm  in 
lenght.  Cuscuta  indecora  is  often  abundant  in  salt  marshes 
parasitizing  I va  f rutescens  but  can  also  be  a  roadside  weed. 

SEASONAL  PHYTOPLANKTON  COMPOSITION  OFF  THE  CHESAPEAKE  BAY  ENTRANCE.  P.  Jenkins, 
R,  Lacouture,  D.  A.  Randolph,  B.  B,  Wagoner,  R.  O'Reilly  and  H.  G.  Marshall, 
Dept.  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508.  Waters 
outside  the  Chesapeake  Bay  are  highly  variable  and  unstable,  being  influenced  by 
several  current  patterns  associated  with  the  Bay  entrance  and  inner  shelf  re¬ 
gion.  Population  development  in  this  region  is  more  predictable  and  character¬ 
istic  to  seasonal  spring-fall  maxima  over  the  shelf,  than  to  the  multi-pulsed 
patterns  often  noted  in  the  lower  Bay.  However,  major  dominants  for  the  lower 
Bay  and  inner  shelf  are  similar,  differing  in  the  total  composition  of  the 
assemblages  and  concentrations  of  sub-dominants.  In  comparison  to  earlier 
studies  there  appears  to  be  a  change  in  the  phytoplankton  assemblages  over  the 
past  60  years.  Skeletonema  costatum  has  been  the  dominant  species  over  this 
period,  but  there  seems  to  be  a  more  abundant  and  broader  base  of  small  sized 
chain-forming  diatoms  established,  in  addition  to  the  pico-nanoplankton  compo¬ 
nent,  including  cyanobacteria  and  chlorophyceae .  Supported  by  the  Norfolk 
Division  of  the  U.  S.  Army  Corps  of  Engineers. 

POLLEN  MORPHOLOGY  FROM  BIDENS  MOTTLE  VIRUS  (BMOV)  INFECTED  AGERATUM  (ASTERACEAE) 
Miles  Johnson,  Department  of  Biology,  Virginia  Commonwealth  University, 
Richmond,  VA  23284-0001.  Scanning  electron  microscope  studies  of  pollen 
grains  from  cultivated  Age ra turn  houstonlanum  Miller  Infected  with  Bidens  Mottle 
Virus  (BMoV)  revealed  normal  and  abnormal  grains.  Normal  grains  are  single, 
tircolporate  and  echinate  with  numerous  tectal  micropores.  The  abnormalities 
include  aggregates  of  two  grains,  quadricolporate  grains,  and  fusion  of  colpi 
resulting  in  Y  or  H  shaped  furrows.  Echinae  and  micropores  appear  to  be  very 
similar  in  both  types  of  grains.  It  has  been  suggested  that  similar 
abnormalities,  e.  g,,  aggregated  grains,  seen  in  other  Asteraceae  genera,  are 
due  to  meiotic  abnormalities  and  probably  apomixls.  It  is  suggested  that  a 
virus  infection  might  be  considered  present  when  similar  abnormal  pollen  is 
seen.  (Supported  by  the  Department  of  Biology,  Virginia  Commonwealth 
University . ) 


THE  GENUS  CUSCUTA  IN  ARABIA.  David  A.  Knepper  and  Lytton  J. 
Musselman,  Dept.  Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va. 

23508.  The  following  species  of  Cuscuta  occur  in  the  Arabian 
peninsula:  C.  australis  R.  Brown;  C.  campestris  Yuncker; 

C.  chinensis  Lam.;  £.  hyalina  Heyne  ex  Roth.;  C.  pedicellata 
Ledeb.;  and  C.  planif lora  Ten.  Cuscuta  campestris  is  a  serious 
weed  in  some  areas.  Cuscuta  planif lora  and  the  European  C. 
epithymum  may  be  closely  related.  Species  distribution  and  ecology 


will  be  discussed. 
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SCALE  DEVELOPMENT  IN  THE  GENUS  CUSCUTA.  David  A.  Knepper , 

Cynthia  L.  White,  and  Christopher  G.  Hunt.  Dept.  Biol.  Sci., 

Old  Dominion  Univ.,  Norfolk,  Va.  23508.  The  transluscent 
hypostaminal  scales  of  Cuscuta  have  been  heavily  relied  upon 
for  species  determination.  They  differentiate  acropetally  and 
are  one  of  the  last  floral  parts  to  develop.  Scales  originate 
from  the  base  of  the  corolla  tube  and  extend  to  the  apex  of  the 
ovary,.  They  are  only  2  to  3  cell  layers  wide  and  lack  vascular 
tissue.  Finger-like  processes  terminate  the  scales.  The  tips  of 
the  processes  contain  highly  vacuolated  cells.  Features  such  as 
secretions  and  tightly  packed  cells  suggest  a  possible  staminodal 
nectary  function  but  this  remains  to  be  verified. 

ATLANTIC  WHITE  CEDAR:  Chamaecyparis  thyoides  (L.)  BSP  IN  VIRGINIA.  Gerald  F. 
Levy,  Dept,  of  Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Currently 
the  Great  Dismal  Swamp  represents  the  last  major  Virginia  site  for  Atlantic 
White  Cedar.  Although  variously  reported  from  as  many  as  seven  Virginia  coun¬ 
ties/cities  it  is  believed  to  be  presently  absent  from  one  or  more  of  them.  The 
long  history  of  cutting,  draining  and  deep  peat  fires  has  greatly  depleted  its 
habitat.  Although  a  number  of  important  studies  have  been  conducted  on  the  ec¬ 
ological  requirements  and  distribution  of  this  species  a  great  deal  of  basic  re¬ 
search  remains.  Without  careful  management  studies  successful  afforestation  is 
unlikely.  The  development  of  appropriate  fire  prescriptions,  as  well  as  compe¬ 
tition  supression  and  water  table  control  is  manditory.  Without  such  a  program 
the  days  of  a  significant  White  Cedar  industry  in  Virginia  will  remain  only  a 
memory. 


ECOLOGICAL  STATUS  OF  INDIGENOUS  RED  PINE  STANDS  IN  WEST  VIRGINIA.  M.  L. 

Lipford,  H.  S.  Adams,  D.  S.  Lancaster  Cmnty.  Col.,  Clifton  Forge,  VA  24422, 
and  S.  L.  Stephenson,  Dept,  of  Biology,  Fairmont  State  Col.,  Fairmont,  WV  26554. 
Quantitative  data  on  composition  and  structure  of  all  strata  of  vegetation  were 
obtained  from  the  only  localities  in  West  Virginia  (Pike  Knob  on  North  Fork 
Mountain  in  Pendleton  County  and  Helmick  Rock  on  South  Branch  Mountain  in  Hardy 
County)  with  indigenous  populations  of  Pinus  resinosa .  These  West  Virginia  out¬ 
liers  are  disjunct  from  the  closest  natural  red  pine  stands  in  north  central 
Pennsylvania  by  at  least  200  km.  Red  pine  (IV  =  97.3)  occurs  in  a  nearly  pure 
stand  at  Pike  Knob,  but  is  less  important  (IV  =  68.7)  at  Helmick  Rock  where 
other  species  of  pine  are  abundant.  The  only  canopy  species  common  to  both 
stands  are  Betula  lenta ,  Pinus  rigida ,  and  Que reus  rubra .  In  general,  these 
stands  occupy  sites  that  are  ecologically  similar  to  many  other  mid-Appalachian 
localities  where  Picea  rubens  is  found.  Ring-width  analysis  of  red  pine  cores 
from  both  stands  revealed  a  general  senescence  trend.  Periods  of  slower  growth 
occurred  in  the  late  1800s,  1930s,  and  1960s. 

EARLY  FOREST  COMPOSITION  IN  ALLEGHANY  COUNTY,  VIRGINIA.  M.  L.  Lipford,  T.  A. 
Mandeville*,  and  H.  S.  Adams,  D.  S.  Lancaster  Cmnty.  Col.,  Clifton  Forge,  VA 
24422.  Individuals  of  each  species  of  tree  were  tabulated  from  fifty  original 
(1823-1824)  survey  records  from  Alleghany  County,  VA.  These  surveys  were  per¬ 
formed  on  warranted  lands  that  were  public  domain  of  Virginia  by  measuring 
length  of  boundary  lines  (metes-and-bounds) .  The  early  surveyors  recorded,  by 
species,  all  trees  on  the  survey  perimeter  and  at  points  where  line  direction 
changed.  A  total  of  39  taxa  were  recorded;  those  with  the  most  numerous  indi¬ 
viduals  were  Quercus  alba  (25.8?q),  Pinus  spp.  (12,7?o),  Quercus  prinus  (9.6%), 
and  Carya  spp.  {9 A%) .  More  tallies  of  Pinus  spp.  (24.4?0  were  recorded  on 
ridges  and  sides  of  hills  than  for  any  other  taxa,  whereas  Quercus  alba  (26.9?o) 
achieved  this  status  at  bottoms  of  hills  and  on  banks.  Surveys  by  George 
Washington  in  northern  Virginia  and  adjacent  areas  were  67.4?o  similar  in  compo¬ 
sition  to  these  Alleghany  County  surveys.  The  relative  abundance  of  species 
in  our  study  is  consistent  with  data  from  other  reports  on  pre-settlement 
forest  composition  in  the  central  Appalachians. 
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PHYTOPLANKTON  AND  MEROZOOPLANKTON  TEMPORAL  RELATIONSHIPS  IN  THE  LOWER  CHESAPEAKE 
BAY.  H.  G.  Marshall ,  R.  W.  Alden^  and  D.  A.  Randolph.  Dept.,  of  Biological  Sci¬ 
ences,  Old  Dominion  University,  Norfolk,  VA  23508.  Periods  of  high  meroplankton 
concentrations  occurred  between  April  and  October  in  1982  and  1983  and  coincided 
with  a  corresponding  drop  in  phytoplankton  biomass.  Seasonal  periods  of  high 
phytoplankton  biomass  from  late  fall  through  early  spring  corresponded  to 
reduced  numbers  of  meroplankton.  Grazing  pressures  by  the  meroplankton,  in 
concert  with  the  holoplankton,  seasonally  influenced  phytoplankton  concentra¬ 
tions,  but  neither  net  or  nanophytoplankton  numbers  were  close  to  being  exhaust¬ 
ed,  and  apparently  were  at  levels  in  excess  of  maximum  grazing  demands.  Sup¬ 
ported  by  the  Norfolk  District  of  the  U.  S.  Army  Corps  of  Engineers, 

A  SANDY  BEACH  DIATOM  BLOOM  IN  THE  CHESAPEAKE  BAY.  H.  G.  Marshall,  Dept,  of 
Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508,  On  July  26, 
1983,  a  bloom  of  the  benthic  and  motile  diatom,  Rant zs chi a  virgata  (Roper) 
Grunow,  appeared  in  the  intertidal  surface  zone  of  the  sandy  beach  bordering 
the  Chesapeake  Bay,  in  Virginia  Beach,  VA.  The  site  was  approximately  1,9  km 
east  of  Lynnhaven  Inlet.  This  area  of  the  beach  has  a  gradual  slope,  with  an 
intertidal  zone  of  15~20  meters,  and  is  composed  of  a  fine  grained  sand.  The 
area  of  the  bloom  extended  for  approximately  600  meters  along  the  intertidal 
region  of  the  beach.  The  general  color  of  the  sand  was  greenish-brown.  Air 
temperature  was  28.3  C,  with  the  water  temperature  26.7  C.  The  bloom  was  noted 
during  each  daytime  tidal  exposure  over  a  three  day  period.  However,  it  began 
to  decrease  in  extent  and  density  the  third  day,  with  only  a  few  scattered 
patches  remaining  on  the  fourth  day.  Hantzschia  virgata  was  the  major  floral 
component  of  the  sand  bloom,  with  Cyl indr o theca  c losterium,  Gyros igma  baltica , 
Gyros igma  fasciola ,  Cocconeis  sp. ,  and  Navicula  spp.  also  present.  In  the  sand 
were  also  large  concentrations  of  nematodes  which  have  been  reported  to  active¬ 
ly  graze  on  benthic  diatoms  (Romeyn  and  Bouwman  (1983). 

A  PRELIMINARY  STUDY  OF  THE  FLORISTICS  OF  THE  SPRING  POND  AREA  (AUGUSTA  CO.)  WITH 
ATTENTION  TO  ORONTIUM  AQUATICUM  L,  Edward  N.  Martin,  and  Norlyn  L.  Bodkin, 

Dept,  of  Biology,  James  Madison  Univ. ,  Harrisonburg,  Va,  22807.  Floristic  field 
studies  of  the  Spring  Pond  area  have  been  in  progress  for  several  years.  This 
sphagnum  bog,  due  to  its  location  within  the  Big  Levels  Game  Refuge  of  George 
Washington  National  Forest  south  of  Waynesboro,  provides  a  unique  opportunity 
for  continuing  study  of  this  rare  habitat.  A  survey  of  vascular  plants  at 
Spring  Pond  yielded  a  variety  of  species  infrequently  encountered  yet  charac™ 
teristia  of  the  flora  of  a  sphagnum  bog.  Of  particular  interest  was  the  obser¬ 
vation,  over  a  six-month  period,  of  the  life  cycle  of  Orontlum  aquatlcum  which 
exists  as  a  large  population  in  the  sphagnum  pond. 

THE  CULTIVATED  LINDENS  (TILIA)  IN  VIRGINIA.  Peter  M.  Mazzeo,  U.S.  National 
Arboretum,  3501  New  York  Avenue,  NE,  Washington,  DC  20002. 

The  lindens  or  basswoods,  members  of  the  Tiliaceae,  are  represented  by  some 
30  species  widely  scattered  throughout  the  temperate  areas  of  the  northern 
hemisphere,  primarily  in  eastern  North  America,  most  of  Europe,  and  eastern 
Asia.  Many  of  these  species,  and  clones  thereof,  are  often  grown  as  landscape 
and  shade  trees  because  of  their  medium  to  large  dense  crowns  of  green  foliage 
in  summer  and  fragrant  flowers  that  bloom  in  early  summer.  Although  the 
distinctive  inflorescence  of  flowers  and/or  fruits  is  very  characteristic 
of  the  genus,  there  are  some  poorly  defined  characters  used  to  distinguish 
between  some  of  the  species  grown  in  the  landscape.  The  indigenous  Ttlia 
americana  (and  its  allies)  and  the  European  T.  eordata ,  T.  x  euchlora ,  T, 

X  europaea,  T.  platyphyllos  and  T,  tomentosa ,  and  clonal  selections  of  these 
taxa,  are  the  most  commonly  grown  in  Virginia  as  landscape  plants.  The 
Asiatic  species  are  rarely  grown  outside  of  arboreta  and  some  private 
collections.  Delineating  characteristics  for  the  various  taxa  grown  in 
Virginia  are  presented. 
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ON  THE  CONSPECIFICITY  OF  ENDOTHIA  EUGENIAE  AND  CRYPHONECTRIA  CUBENSIS.  J.  A. 
Mlcales,  Dept.  Plant  Pathology,  Cornell  University,  Ithaca,  NY  14853,  R.  J. 
Stipes,  Dept.  Plant  Pathology,  Physiology  and  Weed  Science,  VPI  &  SU, 
Blacksburg,  VA  24061,  and  M.  R.  Bonde*,  USDA~ARS  Plant  Disease  Res.  Lab., 
Frederick,  MD  21701.  The  conspecif icity  of  Endothia  eugeniae,  a  pathogen  of 
clove,  and  Cryphonectria  cubensis,  a  pathogen  of  eucalyptus,  has  been 
proposed  based  on  studies  of  morphology,  cross-inoculation,  and 
electrophoresis  of  fungal  proteins.  Chemotaxonomic  criteria,  including 
pigment  content,  sensitivity  to  cycloheximide ,  and  isozyme  analysis,  were 
used  to  clarify  further  the  relationship  of  these  species.  The 
bisanthraquinone  pigments  skyrln  and  oxyskyrin  were  isolated  from  ethanolic 
mycelial  extracts  of  both  organisms.  Similar  dosage-response  curves  were, 
obtained  when  Isolates  of  each  species  were  grown  on  cycloheximide-amended 
media.  Endothia  eugeniae  and  C^.  cubensis  could  not  be  differentiated  by 
polyacrylamide  gel  electrophoresis  of  buffer-soluble  proteins;  the  organisms 
shared  alleles  at  nine  presumed  genetic  loci.  This  study  confirms  the  close 
relationship  and  probable  conspecif icity  of  these  organisms. 


THE  USE  OF  ISOZYME  ANALYSIS  FOR  THE  DIFFERENTIATION  OF  DOWNY  MILDEW 
( PERONOSCLEROSPORA)  TAXA.  J.  A.  Micales,  Dept.  Plant  Pathology,  Cornell 
University,  Ithaca,  NY  14853,  M.  R.  Bonde*,  G.  L.  Peterson*,  and  W.  M. 
Dowler*,  USDA-ARS  Plant  Disease  Res.  Lab.,  Frederick,  MD  21701.  Members  of 
the  genus  Peronosclerospora  cause  Important  downy  mildew  diseases  of  corn, 
sugarcane  and  sorghum  in  the  tropics  and  subtropics;  they  are  often  the 
limiting  factors  of  crop  production.  Isozyme  analysis,  as  performed  with 
starch  gel  electrophoresis,  was  used  to  clarify  the  genetic  and  taxonomic 
relationships  of  this  group.  Twenty-six  different  enz3nnes,  representing  29 
presumed  genetic  loci,  were  detected  in  conidial  extracts  of  3,  3,  and  8 
isolates  of  sorghi ,  sacchari  and  philippinensis ,  respectively. 
Approximately  30%  of  the  presumed  genetic  loci  were  pol3nnorphic  within  the  JP. 
sacchari-P.  philippinensis  complex;  a  similar  value  was  obtained  for  isolates 
L’  sotghi  from  Argentina  and  India.  This  amount  of  genetic  variation  is 
typically  encountered  within  a  species.  Another  isolate  of  sorghi  from 
Thailand  was  genetically  distinct  from  all  other  collections  and  may 
represent  an  additional  species.  These  studies  show  that  isoz3nne  analysis 
can  be  a  valuable  tool  in  fungal  taxonomy. 


SPATIAL  AND  TEMPORAL  VARIABILITY  OF  PHYTOPLANKTON  BIOMASS  (AS  INDEXED  BY  CHLORO¬ 
PHYLL  "A"  IN  THE  ELIZABETH  RIVER,  VIRGINIA.  R.  L.  O'Reilly  and  H.  G.  Marshall, 
Dept,  of  Biological  Sciences,  Old  Dominion  University,  Norfolk,  VA  23508. 

Surface  and  above  bottom  samples  were  collected  weekly  from  4  stations  in  the 
Elizabeth  River.  Each  station  was  sampled  2-3  times,  per  sampling  day,  over  a 
seven  week  period,  October-December  1984.  Chlorophyll  "a"  was  determined 
f luorometrically ;  with  the  variables,  NH3-N,  temperature,  salinity,  dissolved 
oxygen  and  compensation  depth  also  determined.  Biomass  values  (chlorophyll  "a”) 
ranged  from  0.50  ug/1  (week  3,  Southern  Branch)  to  36.5  ug/1  (week  4,  Eastern 
Branch).  Biomass  was  consistently  higher  in  the  Eastern  Branch  (7.5-36.5  ug/1 
chlorophyll  "a")  throughout  the  study.  Biomass  values  in  the  Main  Stem  and 
Southern  Branch  were  relatively  low  (0.50-4.50  ug/1  chlorophyll  "a").  Analysis 
of  variance  indicated  both  spatial  and  temporal  variability  have  an  effect  on 
biomass.  The  magnitude  of  the  spatial  effect  indicates  that  biomass  variability 
in  the  Elizabeth  River  is  mainly  due  to  spatial  differences  confounded  by 
temporal  variation. 
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BIOMASS  CHANGES  OF  A  PHYTOPLANKTON  COMMUNITY  DUE  TO  ADDITIONS  OF  SELECT 
NUTRIENTS.  R.  L,  O'Reilly*,  C.  N.  Robertson*,  'A.  M.  Wilburn*,  and  H, 

G.  Marshall.  Dept.  Biological  Sciences,  Old  Dominion  University,  Norfolk, 

VA  23508.  From  a  surface  sample  (51.)  from  Willoughby  Bay,  VA,  one  1.  was 
used  to  analyze  chlorophyll  "a",  orthophosphate  and  nitrate  values,  and 
41.  were  used  for  cultures  maintained  in  various  dilutions  (in  triplicate) 
of  "f"  media  (nitrate  or  orthophosphate  additions)  at  15  C,  6500  lux,  on  a 
12  hour  light-12  hour  dark  cycle.  After  a  4-day  incubation,  analysis  of 
variance  showed  significant  growth  (p  <  .01)  due  0P04-P  additions,  but 
nitrate  additions  had  no  significant  effect.  Phytoplankton  composition  was 
similar  in  all  cultures;  Chlorophyceans  <10  ym  were  most  abundant  followed 
by  diatoms  (Nitzschia  pungens ,  Asterionella  glacialis)  and  dinof lagellates 
(Prorocentrum  micans) .  Cell  biomass  in  control  cultures  was  dominated  by 
dinof lagellates  (74%)  and  diatoms  (23%);  biomass  in  f/2  media  was  mainly 
diatoms  (99%),  and  in  N03  enriched  cultures  dinof lagellates  (50%)  and  dia¬ 
toms  (47%).  Chlorophyll  "a"  ranged  from  0.42  ug/1  to  21.25  ug/1  (in  f/16 
0P04  enriched  media). 

THE  OCCURRENCE  OF  SUPEROXIDE  DISMUTASE  IN  GROWING  CULTURES  OF  ASPERGILLUS 
ORNATUS.  Samuel  K.  Payne  &  Bradner  W.  Coursen,  Dept,  of  Biol.,  Col.  of 
William  and  Mary,  Williamsburg,  Va.  23185. 

An  examination  of  crude  homogenates  obtained  from  growing  vegetative  cultures 
of  A.  ornatus  revealed  the  presence  of  the  enzyme  superoxide  dlsmutase. 

Enzyme  assays  and  gel  electrophoresis  of  mitochondrial  and  cytosolic  fractions 
indicated  the  presence  of  isozymes  in  both  fractions.  The  latter  fraction 
possessed  cyanide-sensitive  and  cyanide-insensitive  components. 


TREE-RING  STUDIES  OF  GROWTH  DECLINE  IN  VIRGINIA.  Richard  L.  Phipps  &  John  C. 
Whiton,  Water  Resources  DIv.,  U.S.  Geol.  Survey,  Reston,  VA  22092. 
Prei Imlnary  studies  suggest  that  the  growth  trend  of  annua!  Increments  of 
basal  area  of  canopy-dominant  white  oak  Is  a  straight  line  of  positive  slope. 
Growth  decl Ine  can  be  defined  as  the  difference  between  an  expected-growth 
baseline  and  observed  growth.  Growth  decline  of  unknown  cause,  observed  as 
having  occurred  during  the  the  last  30  years,  has  been  Identified  In  a  white 
oak  collection  from  a  mesic  site  In  northern  Virginia.  Growth  decline  has  not 
been  observed  In  white  oak  collections  from  poorer  sites.  A  shift  In  calibra¬ 
tion  between  growth  and  climate  suggests  that  this  decline  Is  a  response  to  an 
environmental  change.  Atmospheric  pollution  as  the  causitive  agent  has  not 
been  excluded.  (Supported,  In  part,  by  the  FORAST  program  of  the  Oak  Ridge 
Nat.  Lab.  and  by  EPA.) 

THE  ASSOCIATION  OF  ACREMONIUM  TYPHINUM  WITH  EPICHLOE  TYPHINA  ON  AGROSTIS 
PERENNANS .  M.  K.  Roane  and  C.  W.  Roane,  Dept.  Plant  Path.,  Physiol,  and 
Weed  Sc i  .  ,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA  2406l . 

Epichloe  typhina  (Pers.  ex  Fr.)  Tul.  causes  choke  of  grasses  and  has  been 
implicated  as  the  toxicogenic  fungus  associated  with  fescue  foot  and  summer 
syndrome  of  cattle  feeding  on  Festuca  arundinacea  Schreb.  We  have  previously 
reported  the  occurrence  of  this  fungus  on  Agrostls  perennans  (Walt.)  Tuckerm, 
in  Montgomery  Co.,  Va.  When  white  stromata  collected  in  late  May  and  stromata 
with  both  white  and  yellow-orange  areas  with  perithecia  collected  in  early  July 
were  examined,  both  May  stromata  and  white  areas  of  July  stromata  contained 
typical  con i d iophores  and  conidia  of  Acremonium  typhinum  Morgan-Jones  and  Gams. 
The  yellow-orange  areas  contained  typical  perithecia,  asci  and  ascospores  of 
E_.  typh  i  na  .  Although  Saccardo  proposed  Sphacel  I  a  typh  i  na  as  the  anamorph 
connection  for  E_.  typh  i  na  and  Morgan-Jones  and  Gams  described  typh  i  num  as 
the  anamorph  of  _E.  typh  i  na ,  this  Is  the  first  report  of  the  occurrence  of  A. 
typh  i  num  and  _E.  typh  I  na  on  the  same  stroma. 
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PHYTOPLANKTON  COMOPSITION  IN  THE  NANSEMOND  RIVER,  VIRGINIA.  Cindy  Shomers  and 
H.  G.  Marshall.  Dept.  Biological  Sciences,  Old.  Dominion  University,  Norfolk, 
Virginia,  23508.  A  six  month  study  of  the  Nansemond  River  phytoplankton  took 
place  between  November  1984  and  April  1985.  Monthly  collections  were  made  at 
two  stations,  one  near  its  mouth,  the  other  approximately  5  miles  upstream. 

Both  stations  indicated  a  marked  decrease  from  November  concentrations  into 
December,  with  numbers  low  through  January  and  February  to  be  followed  by  a 
sharp  vernal  rise  in  March  and  April.  Major  groups  included  the  diatoms,  cyano¬ 
bacteria  and  the  cryptomonads.  The  fall  and  winter  samples  were  dominated  by 
Crypt omonas  sp. ,  and  several  microf lagellates .  The  spring  growth  contained 
mainly  the  diatom  Skeletonema  costatum,  Cryptomonas  sp.  and  the  dinoflagellate 
Heterocapsa  triquetra.  Several  centric  diatoms  (<20  ym) ,  euglenophyceans  and 
chlorophyceans  were  also  common.  The  haptophytes  were  noted  only  during  the 
spring  bloom, 

A  NEW  ARBORETUM  FOR  VIRGINIA.  Ronald  L.  Thomas  and  Norlyn  L.  Bodkin,  Dept, 
of  Biol.,  James  Madison  Univ. ,  Harrisonburg,  VA  22807.  A  new,  25  acre 
arboretum  is  being  established  on  the  campus  of  James  Madison  University. 

This  oak-hickory  forest  complex  will  be  developed  to  serve  the  purposes 
of  research,  teaching,  and  demonstration  for  both  the  university  and  the 
local  community.  Emphasis  will  be  placed  on  the  establishment  of  native 
plant  species.  To  extend  the  present  number  of  species  in  the  arboretum, 
diverse  habitats  will  be  created  to  support  xerophytic,  pteridophytic , 
forest  savannah,  and  swamp  communities.  This  will  be  accomplished  with  a 
minimum  of  habitat  modification  by  coordinating  development  with  already 
existing  diverse  areas  of  the  arboretum.  Preliminary  studies  have  revealed 
47  families  with  85  genera  and  111  species.  Substantial  transplanting 
will,  therefore,  be  necessary  to  meet  the  eventual  goal  for  developing 
a  complex  with  species  representative  of  the  entire  state. 


AN  EVALUATION  OF  VERTICAL  HOMOGENEITY  OF  SPRING  PHYTOPLANKTON  ALONG  THE  OUTER 
CONTINENTAL  SHELF,  B.  B,  Wagoner  and  H.  G,  Marshall,  Dept.  Biological  Sci¬ 
ences,  Old  Dominion  University,  Norfolk,  Virginia  23508,  In  April  1984  a  ver¬ 
tical  sampling  series  to  150  meters  was  conducted  at  six  stations  along  the 
outer  margin  of  the  U.S,  northeastern  continental  shelf.  The  prominent  phyto¬ 
plankton  over  this  vertical  range  included  the  diatoms  Chaetoceros  curvi setum, 
Thalas siosira  rotula,  T.  nordenskioldii ,  N i t z s chi a  pungens ,  and  N.  seriata. 
Several  Protoperidinium  species  and  Dinophysis  norvegica  were  also  common. 

Major  constituents  contributing  to  total  cell  number  included  Cryptomonas  sp,, 
Emiliania  huxley i ,  small  chlorophyceans  and  cyanobacteria,  while  prominent 
contributors  to  total  cell  volume  were  chain-forming  centric  diatoms.  The 
degree  of  vertical  homogeneity  varied  with  the  stations.  Stations  over  the 
shelf  contained  higher  concentrations  of  large  centric  diatoms  at  the  lower 
depths,  than  stations  over  shelf  canyons  or  beyond  the  shelf.  Supported  in 
part  by  the  NOAA  Ocean  Pulse/NEMP. 

HERB  AND  SHRUB  COMPONENTS  OF  DECIDUOUS  FOREST  STANDS  ALONG  SKYLINE  DRIVE  IN 
SHENANDOAH  NATIONAL  PARK.  Deanna  M.  Ward  &  Norlyn  L.  Bodkin,  Dept,  of  Biology, 
JMU,  Harrisonburg,  Va.  22807.  Species  composition  of  the  herb  and  shrub  layers 
were  investigated  in  a  variety  of  deciduous  forest  stand  types  in  Shenandoah 
National  Park,  VA,  (SNP).  Three  arbitrary  community  types  were  characterized: 
mesic  and  xeric  mixed  intermediate  age  successional  forests  varying  from  100-200 
yrs.  old,  and  young  successional  stands  (40-50  yrs.  old).  Stands  were  randomly 
selected  along  Skyline  Drive  between  mile  markers  20-80  and  fell  within  an 
elevatipnal  range  of  455-1101  m.  Sites  were  located  on  either  Pedlar  or 
Catoctin  formations.  Among  the  stands,  155  different  plant  species  were  identi¬ 
fied  representing  45  families.  Three  species  not  on  the  National  Park  flora 
list  for  the  SNP  Include  Glechoma  hederacea,  Smilacina  trifolla,  and  Lycopodium 
comp lana turn  var,  flabelllforme.  Species  previously  not  reported  for  the 
following  counties  in  Atlas  or  Virginia  Flora  (Harvlll  et  al.  1977)  include: 
Flagarla  vlrglnlana,  Galium  aparlne,  and  Solanum  dulcamara  for  Greene  Co . ; 

Sllene  stellata,  Arable  canadensis ,  Polystlchum  acrostlcholdes ,  and  Penstemon 
laevlgatus  for  Madison  Co. ,  Pycnthemum  f lexuosum  for  Page  Co. ;  Hieraceum 
pratense,  and  Potentllla  recta  for  Rappahannock  Co. ,  and  Polygonum  cespitosum 
for  Rockingham  Co. 
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CONSEQUENCES  OF  INBREEDING  IN  ASPLENIUM  SPECIES,  Charles  R.  Werth,  Dept,  of 
Biology,  University  of  Richmond,  Richmond,  VA  23173.  Data  from  allozyme  poly¬ 
morphisms  and  observations  of  gametophytes  strongly  suggest  that  self  fertiliza¬ 
tion  of  gametophytes  is  the  prevalent  mode  of  sporophyte  formation  in  species 
of  the  fern  genus  Asplenium.  Individuals  which  have  resulted  from  cross 
fertilizations  do  occur  but  constitute  a  decided  minority.  The  level  of  in- 
breeding  varies  from  one  population  to  another,  and  does  not  appear  correlated 
with  density.  Preliminary  observations  suggest  that  outcrossed  individuals  are 
longer  lived  than  self-fertilized  individuals,  but  they  may  have  reduced  spore 
viabilities.  The  implications  of  this  type  of  breeding  system  for  known  modes 
of  speclatlon  in  Asplenium  will  be  discussed. 


THE  CUSCUTA  CAMPESTRIS-C .  PENTAGONA  COMPLEX  IN  VIRGINIA. 

Cynthia  L.  White ,  Dept.  Biol.  Sci.,  Old  Dominion  Univ.,  Norfolk, 
Va.  23508.  There  is  some  doubt  that  C.  pentagona  (first  de¬ 
scribed  from  Norfolk)  and  C.  campestris  are  distinct  species. 

In  a  study  of  Virginia  material  the  following  differences  were 
noted:  pedicels  of  C.  pentagona  are  longer  and  broader  at  the 

base  than  those  of  C.  campestris .  Corolla  lobes  of  £.  pentagona 
are  acuminate  while  those  of  C.  campestris  are  as  long  as  they 
are  broad.  Sepal  characteristics  and  flower  size  are  much  more 
regular  in  C.  pentagona  than  in  _C.  campestris . 

TREE-GROWTH  DECLINE  AND  REGIONAL  ATMOSPHERIC  POLLUTION.  Whiton  and  R.L 

Phipps,  Water  Resources  DIv.,  U.S.  Geological  Survey,  Reston,  VA  22092. 
Fifty-  to  e i gh ty-year- I ong  growth  trends  of  eight  dominant  species  were 
expressed  in  terms  of  annual  increments  of  basal  area  calculated  from  radial 
tree-ring  measurements.  Twenty-eight  collections  of  tree  cores  from  mature, 
mixed-age  stands  in  Virginia  were  examined.  Potential  annual  ring  area 
increases  as  an  upward-trending  curve,  whereas  trends  of  suppression  were 
often  seen  within  observed  growth  trends.  Four  collections  of  beech  showed 
downward  growth  trends.  Four  col  lections  of  tul  iptree  showed  constantly 
increasing  ring  area.  A  sharp  decline  since  the  1960’s  was  seen  in  white  oak 
on  a  mesic,  fertile  site,  but  not  in  tul  iptree  from  the  same  site.  Chestnut 
oak  showed  suppression  only  near  a  rayon  factory  in  northern  Virginia.  Most 
of  eight  collections  of  pine  showed  a  decline  in  growth  trend  beginning  about 
1950.  Some  growth  trends  resemble  trends  identified  in  regional  climate  since 
1930,  while  some  collections  of  trees  show  suppressions  of  growth  trend  that 
cannot  be  explained  by  climate.  Declines  within  the  last  thirty  years  might 
have  resulted  from  recent  changes  In  air  quality.  (Supported  partly  by  the 
Oak  Ridge  Nat.  Lab.  and  the  EPA.) 


Chemistry 

CHARACTERIZATION  OF  FISCHER-TROPSCH  LIQUID  PRODUCTS  BY  CAPILLARY  GAS 
CHROMATOGRAPHY.  John  M.  Allen,  and  Gordon  A.  Melson,  Dept,  of  Chem. ,  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23284.  The  Flscher-Tropsch  (F-T)  liquid 
product  is  a  complex  mixture  composed  primarily  of  hydrocarbons.  It  is  of 
great  importance  to  know  the  composition  of  the  liquid  product  in  order  to 
evaluate  the  efficiency  and  selectivity  of  a  particular  catalyst  used  in  the 
F"T  process.  Capillary  gas  chromatography  is  a  viable  method  of  analysis  for 
such  samples.  The  emphasis  of  this  paper  will  be  on  the  use  of  retention 
index  calculations  based  upon  several  different  interpolation  methods  for  the 
identification  of  the  major  components  of  interest  in  F-T  liquid  product 
samples . 
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POLYIMIDES  MODIFIED  WITH  SILVER  NITRATE-THE IR  SYNTHESIS  AND  CHARACTERIZATION. 
Robert  Boggess,  Dept,  of  Chem.,  Radford  University,  Radford,  VA.  24142  and 
Larry  T.  TayTor,  James  R.  Moulds*,  Dept,  of  Chem.,  VPI  &  SU,  Blacksburg,  VA. 

24061.  The  reaction  of  one  of  the  diamines  and  one  of  the  dianhydrides  (below) 
with  silver  nitrate  in  N, N-dimethyl acetamide  will  produce  good  quality  polyimide 
films  which  have  reasonable  thermal  stability.  They  have  been  characterized  using 
Auger  electron  and  X-ray  photoelectron  spectroscopy.  Results  of  this  work  will  be 
discussed  and  compared  to  cobalt  chloride-doped  films  previously  reported. 
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FLUORESCENCE  STUDIES  OF  MACROCYCLIC  COMPLEXES  OF  EUROPIUM (III )  AND  TERBIUM ( III ) , 
L,  De  Cola,  D.L.  Smailes,  and  L.M,  Vallarino,  Dept,  of  Chem. ,  Va.  Commonwealth 
Univ. ,  Richmond,  VA  23284,  The  hexa-aza-macrocyclic  cations  [M(  C22H2eN6)l+3,  in 
which  M  is  Eu(III)  or  Tb(III),  are  unique  among  lanthanide  complexes  in  that 
they  are  completely  inert  in  solution  with  respect  to  metal  release  and  ligand 
exchange,  even  in  the  presence  of  acids  and  strongly  competing  ligands.  These 
macrocyclic  cations  do  not  exhibit  the  intense  UV-excited  monochromatic  lumines¬ 
cence  that  is  typical  of  many  other  chelate  complexes  of  the  Eu(III)  and  Tb(III) 
ions;  the  objective  of  this  work  was  to  explore  the  possibility  of  inducing  lumi¬ 
nescence  by  interaction  of  the  macrocycles  with  suitable  axial  ligands.  The 
following  types  of  ligands  were  investigated!  (a)  neutral  N~donor  chelating 
heterocycles,  (b)  monocarboxylates  with  or  without  chelating  heteroatoms,  (c)  di- 
carboxylates  with  chelating  heteroatoms.  Luminescence  enhancement  was  observed 
and  was  found  to  depend  on  the  ionic  charge  and  denticity  of  the  ligand;  the 
presence  of  H  atoms  directly  bonded  to  the  donor  atoms  of  the  ligand  contributed 
to  vibrational  deactivation.  This  research  was  supported  in  part  by  N.I.H,  with 
Grant  No.  R01-CA30148. 


POLY(ENONESULFIDES)  FROM  THE  REACTION  OF  DIACETYLENIC  DIKETONES  AND  AROMATIC 
DITHIOLS.  E.  Cooper  and  R.G.  Bass,  Department  of  Chemistry,  Virginia  Common¬ 
wealth  University,  Richmond,  VA  23284  and  P.M.  Hergenrother,  NASA  Langley 
Research  Center,  Hampton,  VA  23665.  As  a  part  of  an  effort  on  high  per¬ 
formance/high  temperature  polymers  for  functional  and  structural  applications, 
the  reaction  of  aromatic  diacetylenic  di ketones  with  various  nucleophilic 
monomers  is  under  investigation.  High  molecular  weight  poly(enonesulf ides) 
were  readily  prepared  by  the  solution  polymerization  of  aromatic  diacetylenic 
diketones  with  aromatic  dithiols.  The  diacetylenic  diketones  were  synthesized 
from  the  reaction  of  iso-  and  terephthaldehyde  with  lithium  phenyl  acetyl ide 
followed  by  oxidation  of  the  intermediate  diacetylenic  dialcohols.  Aromatic 
dithiols  have  been  prepared  by  the  dealkylation  of  the  corresponding  aryl 
al kyl thioethers  with  sodium  in  liquid  ammonia,  or  the  reduction  of  aryl 
disulfonyl  chlorides  with  stannous  chloride  in  acetic  acid  or  zinc  amalgam  in 
dilute  sulfuric  acid.  The  glass  transition  temperatures  (Tg's)  of  the 
poly(enonesu1 tides)  ranged  from  132  to  180°C  depending  upon  the  composition  of 
the  polymer. 

This  research  was  performed  under  NASA  Langley  Research  Center  Grant 
NAGl-239. 
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COMPUTER-ASSISTED  ANALYSIS  AND  SIMULATION  OF  EPR  SPECTRA.  Nelson  W.  Daniel ,Jr. 
and  Herbert  J.  Sipe,  Jr.,  Department  of  Chemistry,  Hampden-Sydney  College, 
Hampden -Sydney ,  VA  23943.  A  package  of  FORTRAN  computer  programs  has  been 
written  for  an  LSI-11  microcomputer  to  assist  in  the  interpretation  of  EPR 
(electron  paramagnetic  resonance)  spectra.  One  program  uses  Fourier  transform 
techniques  to  implement  Bieber  and  Gough's  autocorrelation  method  for  extract¬ 
ing  estimates  of  EPR  hyperfine  coupling  constants  (HFCC)  from  digitized  EPR 
spectra.  Another  program  uses  these  estimates  to  simulate  EPR  spectra  quickly 
for  comparison  with  the  experimental  spectrum.  Approximately  a  five-fold 
improvement  in  simulation  time  has  been  achieved  by  using  a  Fourier-domain 
simulation  scheme  instead  of  the  conventional  method  of  convoluting  a  stick 
EPR  spectrum  with  a  line  shape  function.  Construction  and  operation  of  the 
programs  are  described,  and  examples  of  their  application  to  synthetic  and 
experimental  data  are  reported. 

(E)-2-BROMOCINNAMIC  ACID  INHIBITION  OF  D-ATvIINO  ACID  OXIDASE.  Robin  Foster  and 
Randolph  A.  Coleman,  Dept,  of  Chemistry,  College  of  William  and  Mary, 
Williamsburg,  VA,  23185.  (E) - 2-bromocinnamic  acid  was  synthesized  and  examined 
as  a  possible  affinity-label  reagent  for  the  flavoenzyme  D-amino  acid  oxidase. 
Evidence  will  be  presented  which  indicates  a  time-dependent  loss  of  enzyme 
activity.  The  inhibition  appears  to  be  active-site-directed  and  accelerated 
by  increased  substrate  concentrations. 


The  Preparation  and  Polymerization  of  N,N-Dial lyldimethylammonium  Diethylphos- 
phate.  Mitsuaki  Goto,  Raphael  M.  Ottenbrite  and  Junzo  Sunamoto,*  Department  of 
Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA  23284. 

Liposomes  are  considered  to  be  excellent  models  for  biomembranes  and  as  drug 
carriers  since  they  are  biocompatible  and  readily  internalized  by  many  cells. 

A  major  problem  is  the  relative  instability  of  liposome  vesicles  particularly 
in  biomembrane  applications.  This  study  is  related  to  the  formation  of  a 
polymeric  structure  on  the  surface  of  a  liposome  particle  to  increase  the 
relative  stability.  N,N-Dial lyldimethylammonium  diethylphosphate  was  used  as 
a  model  monomer  system  of  a  long  chain  dialkyl  phosphate  lipid.  The  synthesis 
and  polymerization  of  this  monomer  and  characterization  of  the  polymer 
obtained  will  be  discussed. 

*Dept.  of  Industrial  Engineering,  Nagasaki  University,  Japan. 

RING-OPENING  REACTIONS  OF  ORGANOALUMINUMS  WITH  HALOPHOSPHAZENES .  Logan  A. 
Jackson*  and  Paul  j.  Harris,  Dept,  of  Chem.,  Va.  Tech.,  Blacksburg,  Va.  24061. 

We  have  recently  reported  that  the  reactions  of  hexachlorocyclotriphosphazene 
with  trimethylaluminum  produces  a  series  of  alkylated-cyclotriphosphazenes  in 
modest  yield.  It  has  been  assumed  in  the  past  that  the  substitution  reactions 
of  organometallic  reagents  with  halophosphazenes  in  accompanied  by  ring  cleav¬ 
age,  however,  the  products  from  these  reactions  have  not  been  well  character¬ 
ized.  In  this  paper  we  report  the  reaction  of  diphenyltetrachlorocyclotri- 
phosphazene  with  trimethylaluminum.  The  reaction  yields  the  fully  alkylated 
cyclic  compound  along  with  a  linear  phosphazene.  The  mechanism  of  the  ring 
opening  reaction  which  leads  to  the  isolation  of  the  linear  compound,  along  with 
the  characterization  data  and  some  of  the  chemistry  associated  with  the  linear 
species  will  be  discussed. 


3-BR0M0-3-BUTEN0IC  ACID  INHIBITION  OF  D-AMINO  ACID  OXIDASE.  Ellen  Keihn  and 
Randolph  A.  Coleman,  Dept,  of  Chemistry,  College  of  William  and  Mary, 
Williamsburg,  VA.  23185.  3-Bromo-3-butenoic  acid  was  synthesized  and  examined 
as  a  possible  affinity- label  reagent  for  the  flavoenzyme  D-amino  acid  oxidase. 
Evidence  will  be  presented  to  show  essentially  reversible,  competitive 
inhibition  behavior  at  short  reaction  times  (minutes)  and  inhibitor  concentra¬ 
tions  of  2Ki  with  possible  implication  of  irreversible  or  mixed-mode  inhibition 
on  a  longer  time  scale  (hours) . 
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THE  INTERACTION  OF  ACID  RAIN  WITH  THE  SURFACE  ROCKS  OF  ROCKBRIDGE  COUNTY. 
Jeffrey  S.  Mandak,  Joseph  G.  Whelan  III,  Michael  A.  Pleva*,  James  K. 
Shlllington*,  Dept,  of  Chemistry,  Washington  and  Lee  Univ. ,  Lexington,  Va. 
24450.  The  surface  rock  of  Rockbridge  County  is  composed  primarily  of 
limestone,  dolomite,  and  shale.  Since  the  first  two  rock  types  are  reactive 
with  acids,  it  was  reasoned  that  the  relatively  low  pH  of  the  precipitation  in 
the  study  area  has  a  significant  effect  on  these  surface  rocks.  The  first  part 
of  the  experimental  entailed  the  ongoing  monitoring  of  the  pH  of  the 
precipitation  to  determine  the  average  acidity  of  the  rain  in  the  test  region. 
Next,  the  various  surface  rocks  were  subjected  to  simulated  natural  conditions 
for  varying  periods  of  time  to  determine  the  nature  of  the  possible 
interactions  which  included  the  buffering  capacity  of  the  rocks  on  the  leaching 
of  components  out  of  the  rocks.  Finally,  further  experimentation  was 
performed  to  determine  whether  the  acidic  condition  Itself  was  responsible  for 
any  observable  effect  or  whether  other  determinable  factors  were  Involved. 


WAS  A  LINEAR  SUGAR-PHOSPHATE  POLYMER  NECESSARY  IN  THE  ORIGIN  OF  NUCLEIC 
BASES?  John  R.  Carder,  John  D.  McCaf f ery ,  James  K.  Shlllington*,  Michael 
A.  Pleva*,  Dept,  of  Chemistry,  Washington  and  Lee  Univ.,  Lexington,  Va. 

24450.  Nucleotides  evolved  and  were  bonded  together  by  prebiotic  condensing 
agents  into  RNA  and  DNA  molecules.  However,  in  the  formation  of  nucleic  acids, 
a  sugar-phosphate  chain  may  have  evolved  first,  and  the  purine  and  pyrimidine 
bases  may  have  been  added  after  the  formation  of  the  sugar-phosphate  chain. 

In  attempting  to  prove  this  theory,  methods  of  synthesis,  characterization 
and  molecular  weight  determination  of  a  linear  sugar-phosphate  polymer  have 
been  examined.  Temperature  controls  and  reaction  mixtures,  as  well  as  the 
significance  of  the  linear  sugar-phosphate  polymer  are  discussed. 


AN  APPROACH  TO  THE  SYNTHESIS  OF  SUBSTITUTED  3 , 4-DIHYDRO-1H-2-BENZOPYRANS .  D.  L. 
Mohler  and  D.  W.  Thompson,  Department  of  Chemistry,  College  of  William  and 
Mary,  Williamsburg,  VA  23185. 

Various  acetals  derived  from  ethyl  vinyl  ether  and  MEM  chloride  were  prepared 
using  3-buten-l-ol,  4-penten-2-ol ,  phenethyl  alcohol,  and  l-phenyl-2-propanol . 
The  acetals  of  3-buten-l-ol  and  4-penten-2-ol  were  cycllzed  to  the  corresponding 
methanesulfonate  esters  by  allowing  them  to  react  in  a  1:3  molar  ratio  with 
methanesulf onlc  acid  at  0°C  for  15  minutes.  The  acetals  of  phenethyl  alcohol 
and  l-phenyl-2-propane  were  cyclized  to  the  corresponding  dihydrobenzopyrans 
by  reaction  with  titanium  tetrachloride  with  varying  reaction  conditions. 

The  products  synthesized  in  this  study  included  tetrahydro-4-pyranyl  methane¬ 
sulfonate,  2-methyltetrahydro-4-pyranyl  methanesulfonate,  2 ,6-dimethyltetra“ 
hydro-4-pyranyl  methanesulfonate,  3 ,4-dihydro- lH-2-benzopyran ,  l-<methyl-3,4- 
dihydro-lH-2-benzopyran ,  3-methyl-3,4-dihydro-lH-2-benzopyran,  and  1, 3-di¬ 
me  thyl-3  , 4-dihydro"lH-2“benzopyran . 


INTRODUCING  TLC  IN  THE  ORGANIC  LABORATORY  BY  MEANS  OF  2,4-DNP  DERIVATIVES. 
Michael  S.  Blackwood,  John  H.  Moore ,  Andrew  P.  Shaffer,  James  K.  Shlllington*, 
Michael  A.  Pleva*,  Dept,  of  Chemistry,  Washington  and  Lee  Univ.,  Lexington, 

Va.  24450.  In  devising  an  experiment  with  which  to  acquaint  organic 
laboratory  students  with  Thin  Layer  Chromatography  techniques  I  wished  to 
accomplish  three  things.  I  wanted  the  students  to  recognize  TLC  as  an 
invaluable  tool  for:  1)  following  a  reaction's  progress,  2)  separating 
a  mixture  into  its  various  components,  and  3)  testing  a  desired  product  for 
purity  (a  crude  test  compared  to  various  other  means,  but  a  test  nevertheless.) 
The  preparation  of  various  2 , 4-dinitrophenylhydrazone  derivatives  from 
2 , 4-dlnltrophenylhydrazlne  proved  to  be  an  easy  and  quick  way  to  demonstrate 
these  three  uses  for  Thin  Layer  Chromatography  to  the  students.  The 
preparation  of  these  derivatives  gives  the  student  a  grasp  on  both  regular 
TLC  technique  and  2-Dlmenslonal  TLC  technique  in  a  relatively  short  period  of 
time,  with  results  which  are  extremely  satisfactory  to  ensure  the  student's 
comprehens ion . 
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ELECTROCHEMICAL  DIAGNOSTICS  USING  AN  INTERFACED  MICROCOMPUTER.  John  D.  Van 
Norman .and  Tai-Lee  Huo*,  Dept,  of  Chem.  Sci.,  Old  Dominion  Univ.,  Norfolk,  VA 
23508.  An  Apple  II  plus  microcomputer  has  been  interfaced  to  a  Princeton 
Applied  Research  Model  174A  polarographic  Analyzer,  Assembly  language  programs 
have  been  developed  not  only  to  acquire  and  store  data  from  the  PAR  174A  but 
also  to  control  the  instrument  from  the  computer,  BASIC  language  programs  have 
been  developed  to  analyze  the  data  obtained  from  cyclic  volt ammo grams,  yielding 
information  about  reversibility,  diffusion  coefficients,  peak  potentials  and 
peak  currents.  The  system  has  been  tested  on  two  reversible  electrochemical 
reactions,  the  reduction  of  f erricynanide  ion  in  chloride  media  and  the  oxida¬ 
tion  of  3,3’-Dlmethoxybenzidine  (o-Dianisidine)  in  1  M  sulfuric  acid.  The 
irreversible  oxidation  of  p-aminophenol  in  sulfuric  acid  has  also  been  tested. 
Results  are  displayed  on  the  computer  monitor  and  may  be  sent  to  either  an 
x-y  recorder  or  a  dot  matrix  printer.  The  entire  system  has  been  designed  for 
use  in  undergraduate  and  graduate  teaching  laboratories. 


ELUCIDATION  OF  THE  PATHWAY  OF  METABOLISM  OF  A  DISACCHARIDE-SOPHOROSE-IN  A 
MICROORGANISM.  Michael  S.  Quesenberry ,  and  Richard  E.  Palmer,  Dept,  of  Chem., 
Hampden- Sydney  Col,  Hampden-Sydney ,  VA  23943.  The  3-glucoside  sophorose  is  not 
only  a  structural  repeating  unit  of  the  polysaccharides  of  many  different 
organisms,  but  also  is  the  repeating  unit  of  the  exopolysaccharide  of  the  genus 
Agrobacterlum-organisms  which  cause  crown  galls  in  certain  food  crops.  Little 
is  known  about  the  metabolism  of  this  disaccharide.  Our  investigation  is  spe¬ 
cifically  addressed  to  the  elucidation  of  the  pathway  of  metabolism  of  sophorose 
in  A.  aerogenes .  One  of  four  mechanisms  is  most  likely--hydrolysis ,  phosphoro- 
lysis,  ATP-dependent  cleavage,  and  PEP-dependent  cleavage.  We  have  tested  for 
these  mechanisms  by  using  crude  extracts  from  bacteria  grown  on  sophorose  in 
conjunction  with  linked  enzymatic  assays  for  all  possible  products.  Our 
results  indicate  that  the  metabolism  of  sophorose  is  dependent  on  the  presence 
of  ATP,  forming  the  intermediate  disaccharide  phosphate,  followed  by  hydrolysis 
to  yield  glucose  and  glucose-6-phosphate .  These  two  compounds  enter  the  glyco¬ 
lytic  sequence  of  reactions  directly. 


AN  ATMOSPHERIC  PRESSURE  HELIUM  DISCHARGE  DETECTOR  FOR  GAS  CHROMATOGRAPHY.  Gary 
W.  Rice ,  Dept,  of  Chem.,  College  of  William  and  Mary,  Williamsburg,  VA  23185. 
Afterglows  from  gaseous  discharges,  generated  at  atmospheric  pressure,  are 
known  to  contain  long-lived  metastable  states  with  energies  capable  of  producing 
atomic  excitation  from  analyte  species  through  collisional  energy  transfer 
processes.  An  element  selective,  multielement  detector  for  gas  chromatography 
V7ill  be  discussed  which  is  based  on  a  simple  and  reliable  He  afterglow  dis¬ 
charge.  Limits  of  detection  for  a  number  of  elements  have  been  in  the  pico- 
gram  range.  Quantitation  of  compounds  containing  a  common  element  of  interest 
(in  this  case  Cl  or  Br)  is  easily  achieved  using  a  single  internal  reference. 
Selective  detection  of  Cl  and  Br  containing  compounds  produced  from  halogen- 
ation  of  humic  acids  will  also  be  presented.  [Work  performed  at  Ames  Lab. 
(USDOE) ,  Iowa  State  University,  Ames,  lA] . 

THE  ISOLATION  AND  STRUCTURE  ELUCIDATION  OF  NOVEL  CYTOTOXIC  CARDENOLIDES  FROM 
MAQUIRA  CALOPHYLLA.  Joan  M.  Rov inski  and  Albert  T.  Sneden,  Department  of 
Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA  23284.  Ethanol ic 
extracts  of  Maquira  calophylla,  a  member  of  the  Moraceae  family  of  plants 
collected  in  Peru,  have  exhibited  iji  vitro  activity  against  the  KB  cell  cul¬ 
ture.  Previous  work  resulted  in  the  isolation  and  characterization  of  several 
known  coumarins  from  M.  calophylla.  Currently,  extensive  analytical  and 
preparative  chromatographic  separations  guided  by  cytotoxicity  assays  have  been 
employed  to  isolate  four  novel  KB-active  cardenol ides .  Structure  elucidation 
of  the  major  cardenolide,  maquiroside,  was  accomplished  by  and  ^^C  nmr  and 
mass  spectral  studies.  Comparison  of  the  spectroscopic  data  to  literature 
values  identified  4-amino-2,4,6-trideoxy-3-0-methyl -3-0-ribohexopyranose  as  the 
glycosidic  moiety  of  maquiroside.  Initial  spectral  studies  of  the  three 
remaining  cardenol ides  indicate  that  they  are  similar  to  maquiroside. 
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MODELS  FOR  THE  BINDING  OF  5.8S  rRNA  TO  28S  rRNA.  Michael  Sakai ian  and  Thomas  0. 
Sitz,  Department  of  Biochemistry  and  Nutrition,  Virginia”Tech,  Blacksburg,  VA 
24061.  The  5.8S  rRNA,  which  is  only  found  in  eucaryotes,  is  situated  in  the 
large  ribosomal  subunit.  This  small  ribosomal  RNA  exists  as  a  hydrogen  bonded 
complex  with  the  28S  rRNA  and  is  located  in  the  junction  between  the  large  and 
small  ribosomal  subunits.  The  nucleotides  in  5.8S  rRNA  which  are  involved  in 
this  complex  are  now  known.  However,  the  complementary  sequences  in  28S  rRNA 
have  not  yet  been  determined.  The  large  size  of  28S  rRNA  (about  5,000  nucleo¬ 
tides)  has  made  this  determination  difficult.  We  have  used  the  chicken  5.8S 
rRNA  as  a  probe  to  look  at  the  complementary  binding  site  in  rat  28S  rRNA.  The 
sequence  of  the  chicken  5.8S  rRNA  has  a  more  open  conformation  which  allows  it 
to  bind  better  to  any  of  the  higher  eucaryotic  28S  rRNAs.  We  digested  rat  28S 
rRNA  with  1  M  NaOH  and  generated  fragments  about  4S  to  lOS  in  size.  These  small 
fragments  and  intact  28S  rRNA  bound  chicken  5.8S  rRNA  with  the  same  efficiency. 
The  significance  of  these  studies  to  the  proposed  models  for  complex  formation 
will  be  discussed. 

ECECTROPHOI®TIG  STUDIES  OF^-LIPOPROTEIN*  ATTEMPTS  TO  RELATE  A  POSSIBLE 
DEFECT  TO  FOOD  HYPERSENSITIVITY.  Lora  A,  Schneider*  and  Margaret  F,  Pinkston, 
Department  of  Biochemistry,  Mary  Baldwin  College,  Staunton,  VA  24401,  Based  on 
the  hypothesis  that  one  of  the  plasma  lipoproteins  may  serve  as  a  factor  in 
delayed  hypersensitivity  response  to  certain  foods  rich  in  highly  saturated 
triglycerides,  this  research  is  designed  to  determine  if  a  difference  can  be 
demonstrated  in  the  protein  structme  of  the  apolipoprotein  B  component  of  the 
low  density  lipoproteins  from  sensitive  and  normal  persons.  Lipoproteins  were 
separated  from  sera,  either  by  polyanion/divalent  cation  precipitation  or  by 
ultracentrifugation,  and  subjected  to  electrophoretic  and  immunological  methods 
of  study.  Conclusive  evidence  of  structural  differences  between  test  and 
control  samples  has  not  yet  been  demonstrated,  but  further  study  seems 
warranted , 

STUDIES  ON  2-METHYLENE-l,3-CYCLOPENTANEDIONE.  W.R.  Shangraw  and  W.H.  Bunnelle, 
Dept,  of  Chem. ,  Col.  of  William  and  Mary,  Williamsburg,  Va.  23185.  The  title 
compound  is  a  highly  reactive  intermediate,  entering  into  a  number  of  exception¬ 
ally  facile  C-G  bond-forming  reactions.  Attempts  to  prepare  the  adduct  (1) 
result  instead  in  a  spontaneous  retro-Diels  Alder  reaction  followed  by  electro¬ 
philic  aromatic  substitution  of  the  cognate  anthracene  nucleus  to  give  (2) . 

The  structure  of  (2)  was  established  spectroscopically,  and  confirmed  by 
independent  synthesis. 


(1) 


(2) 
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SOLVENT  EFFECTS  IN  THE  MAGNETIC  CIRCULAR  DICHROISM  SPECTRA  OF  LANTHANIDE 
TRIS-BETA-DIKETONATES.  Donald  D.  Shi  1  lady,  J.  G.  Scrivener  and  L.  M. 
Vallarino,  Dept*  of  Chemistry,  Virginia  Commonwealth  University,  Richmond,  VA 
23284.  The  MCD  hypersensitive  bands  of  Nd^  and  Er^  beta-diketonates  have 
been  compared  for  four  symmetrical  ligands  (AcAc,  hFAc,  BzAc  and  thdAc)  in 
seven  solvents  (cyclohexane,  diethyl  ether,  chloroform,  methylene  chloride, 
acetone,  dimethyl  sulfoxide  and  ethanol).  The  solvent  effects  vary  greatly  with 
a  given  ligand,  but  reasonable  trends  are  observed  for  various  solvents  on  a 
given  metal  complex  when  compared  to  the  E^(30)  value  of  the  solvent.  Overall 
ethanol  is  a  good  solvent  with  large  enhancement  of  the  hypersensitive  MCD 
bands, 

DETERMINATION  OF  CHLOROHYDROCARBONS  IN  SWIMMING  POOL  WATER.  Michael  A.  Plevat, 
D.  ShaxTO  Harvey,  James  K.  Shillington* ,  Michael  J.  Spellman,  M.  Christopher 
Talley,  Dept,  of  Chemistry,  Washington  &  Lee  University,  Lexington,  VA  24450. 
We  are  investigating  the  possible  chorohydrocarbon  content  in  swimming  pool 
water.  Since  the  pools  available  to  us  during  the  academic  year  are  indoor 
pools  we  have  tried  to  simulate  the  effect  of  sun’s  radiation  on  the  indoor 
pool’s  water  by  subjecting  it  to  ultraviolet  radiation.  Our  control  of 
chlorine  content  and  pool  conditions  are  limited  to  the  pool  water  as 
maintained  by  the  gymnasium  staff.  In  our  pools  under  normal  conditions,  we 
have  found  little  evidence  of  chlorohydrocarbons ,  and,  Irradiation  by  ultra¬ 
violet  has  had  little  effect.  The  organic  materials  are  concentrated  by  a 
Baker  Column  System  and  then  are  eluted  from  the  column.  The  final  test 
solution  is  analyzed  using  a  Hewlett  Packard  Model  5880  Gas-Liquid 
Chromatograph  for  detection  of  the  chorohydrocarbons . 


ELUCIDATION  OF  THE  MECHANISM  OF  THE  SYNTHESIS  OF  2 , 5-dl-tert-BUTYL-BENZOQUINONE 
DIEPOXIDE.  Liz  Steele  and  Elizabeth  M.  Halrfield,  John  Baker  Baffin  Labora¬ 
tory  of  Chemistry,  Mary  Baldwin  College,  Staunton,  VA  24401,  Certain  quinones 
and  their  derivatives  have  been  used  in  the  treatment  of  cancer  with  some  suc¬ 
cess,  Two  methods  for  the  synthesis  of  a  quinone  diepoxide,  2 ,5-di-tert"- 
butyl-1 , 4-benzoquinone  diepoxide,  have  been  reported.  Each  method  differs  from 
the  other  in  the  peroxidizing  agent  used  and  in  the  percent  of  cis  and  trans 
isomers  produced.  A  summary  of  previous  work  on  these  reported  methods  re¬ 
vealed  that  the  bulkiness  of  the  peroxidizing  agent  is  responsible  for  the  for¬ 
mation  of  one  isomer  over  the  other.  A  stereospecific  synthesis  of  the  cis 
isomer  is  presented. 

DEGRADATION  PRODUCTS  OF  CLINICAL  MAYTANSINE,  ISOLATION  AND  IDENTIFICATION. 
John  A,  Suchocki  and  Albert  T.  Sneden,  Department  of  Chemistry,  Virginia 
Commonwealth  University,  Richmond,  VA  23284.  Outdated  clinical  samples  of 
maytansine,  an  antileukemic  ansa  macroUde  from  the  Celastraceae  plant  family, 
have  been  shown  to  contain  approximately  50%  organic  impurities  relative  to 
maytansine  content.  HPLC  analysis  shows  that  ca.  80%  of  these  impurities  are 
highly  polar  compounds;  the  remaining  20%  consists  of  components  with  retention 
times  similar  to  the  retention  time  of  maytansine.  The  major  component  of 
these  impurities  has  been  isolated  and  identified  by  as  maysine,  a 

homolog  which  results  from  hydrolytic  elimination  of  the  C-3  ester  of 
maytansine.  Ten  additional  components  are  evident  in  minor  quantities  and 
present  efforts  are  directed  toward  their  isolation  and  identification. 
Chromatographic  and  spectral  methods  employed  for  the  identification  of  the 
maytansinoids  will  be  discussed. 
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A  GEL  ELECTROPHORESIS  PROCEDURE  FOR  ISOLATING  DENATURED  RNA  COMPLEXES.  Aree  M. 
Sung  and  Thomas  0.  Sitz,  Dept,  of  Biochemistry  and  Nutrition,  Virginia  Tech, 
Blacksburg,  VA  24061.  There  are  many  gel  electrophoresis  procedures  for  sepa¬ 
rating  RNA  samples.  Many  of  these  procedures  use  denaturing  agents  such  as  urea, 
formamide,  methylmercuric  hydroxide,  and  dimethyl  sulfoxide;  or  chemical  modifica¬ 
tion  with  formaldehyde  or  glyoxal  together  with  one  of  the  above  listed  denatur¬ 
ing  agents.  We  have  routinely  used  50%  formamide  to  solubilize  RNA  which  we 
then  layered  on  non-denaturing  gels  or  on  denaturing  gels  containing  7  to  8.5  M 
urea.  To  denature  tightly  bound  complexes  such  as  the  5.8S  rRNA-28S  rRNA,  the 
samples  were  heated  and  quickly  chilled.  With  this  procedure  we  obtained  reduced 
amounts  of  5.8S  rRNA  with  samples  at  high  RNA  concentrations,  indicating  incom¬ 
plete  denaturation  of  the  complexed  RNA  or  the  formation  of  secondary  complexes. 
We  have  developed  a  new  method  for  isolating  denatured  RNA  complexes  on  both 
analytical  and  preparative  polyacrylamide  gels  without  heating  or  subjecting  the 
RNA  to  low  pH  conditions  for  extended  times.  RNA  samples  were  dissolved  in  7  M 
urea-0.025  M  citric  acid  and  immediately  applied  to  either  non-denaturing  gels 
or  to  gels  with  7  M  urea.  The  combination  of  urea  and  low  pH  conditions  was 
very  denaturing  without  causing  degradation  of  the  RNA.  The  details  of  this 
procedure  will  be  presented. 

STUDY  OF  THE  PROTEIN  FUNCTION  OF  INDIAN  OLIBANUM  GUM.  Rebecca  Gunn  Ward  and 
Elizabeth  M.  Hairfield,  John  Baker  Daffin  Laboratory  of  Chemistry,  Mary  Baldwin 
College,  Staunton,  VA  24401.  Frankincense,  or  olibanum,  is  a  natural  oleo-gum- 
resin  formed  in  the  bark  of  Boswellia  trees.  The  olibanum  that  is  used  com¬ 
mercially  in  the  United  States  comes  from  three  countries;  India,  Somalia,  and 
Eritrea.  The  olibanum  from  India,  Boswellia  serrata,  gives  an  odor  similar  to 
terpentine  or  burning  rubber  when  burnt  on  charcoal.  This  research  involves 
isolating  and  identifying  the  component  responsible  for  the  bad  smell.  Results 
obtained  showed  that  the  foul  odor  resides  in  the  insoluble  gum  fraction. 


TOXICOKINETICS  OF  BENZO (A) PYRENE  IN  RATS  FOLLOWING  INTRATRACHEAL 
INSTILLATION.  Eric  H.  Wevand  and  D.  R,  Bevan,  Dept,  of 
Biochemistry,  VPI  &  SU,  Blacksburg,  VA.  24061.  Benzo (a) pyrene 
(BP)  is  a  ubiquitous  environmental  pollutant  that  poses  a 
significant  health  risk  to  humans.  BP  metabolism  has  been  well 
characterized  in  vitro.  However,  the  activation  and  metabolic 
fate  of  BP  in  vivo  is  not  as  well  understood.  [3H]”BP 
toxicokinetics  following  intratracheal  administration  was 
examined  in  male  rats,  BP  elimination  from  lungs  was  biphasic 
v/ith  half-lives  of  9  and  159  minutes.  Excretion  was  primarily 
via  the  feces  with  a  half-life  of  443  minutes.  BP  absorption  and 
distribution  was  also  investigated  in  animals  with  and  without 
biliary  cannulas.  Distribution  patterns  among  organs  was  similar 
though  the  amount  excreted  in  bile  and  intestinal  contents  was 
74  and  36  percent  of  the  injected  dose  respectively.  Metabolites 
identified  in  bile  and  intestinal  contents  consisted  of  phase  I 
and  phase  II  metabolites  of  BP.  Notably,  glucuronides  accounted 
for  24  percent  of  the  metabolites  in  bile  and  only  12  percent  in 
intestinal  contents. 
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STUDY  OF  IRON  CRYSTALLITES  ON  IRON/H-MORDENITE  CATALYSTS  BY  TRANSMISSION 
ELECTRON  MICROSCOPY.  Macey  W.  White  and  Gordon  A.  Melson,  Dept,  of  Chem., 

Va.  Commonwealth  Univ.,  Richmond,  VA  23284.  Today  it  is  recognized  that  a 
better  understanding  and  control  of  the  activity,  selectivity  and  stability 
of  heterogeneous  Fischer-Tropsch  catalysts  requires  a  better  knowledge  of 
the  physico-chemical  nature  of  the  catalysts  themselves.  An  understanding 
of  three  main  aspects  of  supported  catalysts  is  needed;  these  aspects  are, 
the  nature  (chemical  state,  crystal  structure,  ...),  dispersion  (fraction 
of  exposed  atoms)  and  location  of  the  active  metal  particles  on  or  in  the 
supports.  Transmission  electron  microscopy  (TEM)  is  being  used  to  study 
these  features  of  product  selective  H-mordenite  supported  iron  catalysts. 
Bright  field  TEM  is  used  to  study  iron  particle  size  distributions  and  par¬ 
ticle  shape,  elemental  compositions  of  these  particles  are  confirmed  by 
energy  dispersive  x-ray  spectroscopy.  Particle  morphologies  are  determined 
by  selected  area  diffraction.  A  proposed  "morphological  thickness  phenomenum" 
is  currently  being  investigated  by  dark  field  microscopy  and  selected  area 
diffraction. 


ADSORPTION  FROM  BINARY  SOLUTIONS  OF  POLAR  n-DECYL  DERIVATIVES  AND  HEPTANE  ONTO 
ALUMINA.  J.  P.  Wiqhtman  and  K.  M.  Phillips,  Chem.  Dept.,  Va.  Tech,  Blacksburg, 
VA  24061  .  The  preferential  adsorption  of  n-decanol ,  n-decylamine,  n-decanoic 
acid,  and  ethyl  octanoate  from  binary  solutions  with  heptane  onto  alumina  was 
studied.  The  net  surface  excess  isotherms  were  measured  and  resolved  into  com¬ 
ponent  isotherms.  The  heat  of  immersion  of  the  alumina  in  n-decanol,  ethyl 
octanoate,  and  n-decanoic  acid  solutions  v/as  measured.  The  heats  of  immersion 
support  the  resolved  isotherms  which  indicate  that  the  order  of  preferential 
adsorption  is  n-decanoic  acid  >  n-decanol  -  n-decylamine  ~  ethyl  octanoate.  A 
theoretical  model  of  surface  heterogeneity  is  also  applied  to  the  data  for  the 
ethyl  octanoate  and  n-decanol  systems.  The  reasonable  fit  of  the  model  in  each 
case  suggests  that  the  alumina  surface  is  heterogeneous.  [Research  supported 
by  Alcoa] 


GEMINAL  DIRECTORS  IN  NUCLEOPHILIC  ATTACK  ON  CYCLOTRIPHOSPHAZENES .  Kenneth  B. 
Williams*  and  Paul  J.  Harris,  Dept,  of  Chem.,  Va.  Tech.,  Blacksburg,  Va.  24061. 

A  series  of  reactions  between  several  alkylchlorocyclotriphosphazenes  and  simple 
aliphatic  diamines,  aminoalcohols  and  diols,  or  their  corresponding  alkoxides, 
have  been  investigated.  Analysis  of  the  products  from  these  reactions  enables 
the  sites,  and  reactivities  of  the  electrophilic  centers  in  the  phosphazene 
molecules  to  be  determined.  it  was  found  that  the  site  of  attack  of  the  incom¬ 
ing  nucleophile  was  governed  by  the  substituents  already  present  on  the 
phosphazene  ring.  Specifically,  electron  donation  to  a  phosphorus  atom  was 
found  to  activate  this  atom  towards  nucleophilic  attack,  while  deactivating  the 
neighboring  phosphorus  atoms.  The  results  suggest  a  relative  donating  ability, 
and  thus  a  relative  activating  ability  of  CH2>NHR>OR>Cl .  The  evidence  for  this 
series  and  a  possible  explanation  for  its  operation  will  be  presented. 


THE  SYNTHESIS  AND  EVALUATION  OF  NOVEL  2-METHYLAMINO-a-TETRALONES .  R,  L. 
Williams  and  William  Johnson,  Dept,  of  Chemical  Sciences,  Old  Dominion  Univ,, 
Norfolk,  VA  23508,  In  an  attempt  to  design  and  synthesize  a  potential 
phencyclidine  (PCP)  antagonist  several  methylamino-a-tetralones  (1)  have  been 
prepared  and  evaluated.  The  design  rationale  together  with  the  synthesis  and 
evaluation  of  these  compounds  will  be  discussed. 
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A  SELECTIVE  SYNTHESIS  OF  3“ALKYL-4-HALOTETRAHYDROPYRANS  VIA  THE  LEWIS  ACID 
PROMOTED  CYCLIZATION  OF  UNSATURATED  ACETALS.  D,.  W.  Thompson,  R.  C.  Winstead, 
and  T.  H.  Simpson,  Department  of  Chemistry,  College  of  William  and  Mary, 
Williamsburg,  VA  23185. 

We  wish  to  report  a  stereospecific,  high-yield  approach  to  the  synthesis  of 

cis  and  trans-3-alkyl-4-halotetrahydropyrans .  Specifically,  we  will  describe 
the  selective  synthesis  of  cis  and  trans-3-ethyl-4-chloro/bromotetrahydropyrans 
and  all-cis  and  all-trans-2-methyl-3-ethyl-4-chloro/bromotetrahydropyrans 
via  the  TiC14/TiBr4  promoted  carbon-carbon  bonding- forming  cyclization  of 
acetals  derived  from  cis  and  trans-3-hexen-l-ol .  The  ethyl  vinyl  ether-based 
acetal  of  cls-3-hexen-l-ol  goes  to  all-cis-2-methyl-3-ethyl-4-halotetrahydropy- 
ran;  the  trans-acetal  goes  to  the  all-trans  analog.  The  MEM  chloride-acetals 
exhibit  similar  selectivity:  cis  to  cis,  trans  to  trans . 


STUDIES  ON  Tffi]  NENITZESGU  SYNTHESIS  OF  5-HYDROXYINDOLES.  III.  Gynthla  Yvonne 
V[ood*  and  James  B.  Patrick;  John  Baker  Baffin  Dept,  of  Ghem. ,  Mary  Baldwin 
Gollege,  Staunton,  Va.  24401.  In  previous  communications  to  the  Academy  we 
have  reported  evidence  for  the  hypothesis  that  the  Nenitzescu  Synthesis  of 
5-hydroxyindoles  proceeds  by  a  mechanism  in  which  a  bimolecular  face-to-face 
electron  transfer  complex  is  a  critical  intermediate.  We  have  also  shown  that 
nitromethane  is  often  an  excellent  solvent  medium  for  the  reaction.  We  now 
report  a  study  of  a  number  of  other  solvents  in  which  we  attempted  to  deter¬ 
mine  whether  there  is  any  correlation  between  the  effectiveness  of  a  solvent 
in  promoting  the  Nenitzescu  Synthesis  and  its  dielectric  constant  or  its 
dipole  moment.  We  also  report  some  preliminary  studies  on  possible  surface 
effects  in  promoting  the  reaction.  Finally,  we  report  that  nitrobenzene 
appears  to  be  comparable  in  effectiveness  to  nitromethane  as  a  reaction 
solvent  for  the  Nenitzescu  Synthesis. 


ISOLATION  AND  CHARACTERIZATION  OF  IMPERATORIN  FROM  THE  MEDICINAL  PLANT,  CLAUSENA 
AN I SATA.  Kwamena  A.  Woode,  Dept,  of  Chem. ,  Hampton  Univ,,  Hampton,  Va.  23668, 
F.A.  Kufuor,  Dept .  of  Chem. ,  Univ,  of  Scl.  &  Tech.,  Kumasi,  Ghana  &  D,  Rogers, 

Dept,  of  Chem,,  Imperial  Col.,  London  SW7  2AY,  England.  As  part  of  the  studies 

on  constituents  of  medicinal  plants  (1),  the  f lavocoumarin  derivative,  Impera- 
torin  (9-Z'3“methyl”2-butenloxy7-7-oxofuro/*3,2-g7  chromene)  has  been  isolated 
from  the  African  plant,  Clausena  anlsata  (Will)  Hook  F.  ex,  Benth  (family: 
Rutaceae;  Ghanaian  name:  Samandua)  whose  uses  in  folk  medicine  Include  the 
treatment  of  gastro-enter itis  and  rheumatism  (2).  Imperatorin  was  identified 
by  evidence  from  spectroscopic  and  x-ray  crystallographic  studies, 

(1)  K.A.  Woode,  F.L.  Phillips,  I.  Addae-Mensah,  J.C.J.  Bart  &  S.  Chaudhuri, 

J.  Nat.  Products  (Llyodia) ,  47,  1024  (1984);  H,  Sesamori,  K.S.  Reddy,  M.P. 
Kirkup,  J.  Shabanowitz,  D .G .  Lynn,  S.M.  Hecht,  K.A.  Woode,  R.F.  Bryan,  J.  Camp¬ 
bell,  W.S.  Lynn,  E.  Egert  &  G.M.  Sheldrick,  J.  Chem.  Soc .  Perkin  Trans.  I,  1333 
(1983);  F.H.  Herbstein,  W.  Schwotzer,  I.  Addae-Mensah,  F.G.  Torto  &  K.A.  Woode, 

Acta  Cryst . ,  B37,  702  (1981);  D.  Rogers,  K.A.  Woode,  N,  Viswanathan  &  B.S. 

Joshi,  J .  Chem.  Soc .  Chem.  Commun. ,  1049  (1980).  (2)  E.S.  Ayensu,  Medicinal 

Plants  of  West  Africa ,  Reference  Publications,  Algonac,  Ml.,  (1978)1 


X-RAY  CRYSTALLOGRAPHIC  STUDIES  OF  AZO  DYES,  Kwamena  A.  Woode,  Dept,  of  Chem,, 
Hampton  Univ,,  Hampton,  Va.  23668  &  Jan  C.J.  Bart,  IRC-CNRS,  2  Av.  Albert 
Einstein,  69626  Villeurbanne,  France. 

Azo  dyes  are  of  considerable  technical  importance  in  the  dyeing  of  polyester 
fibers  due  to  their  desirable  color  fastness  and  satisfactory  lightfastness 
properties.  Sufficient  evidence  is  now  available  from  x-ray  crystallographic 
studies  by  our  group  (1)  and  others  that  some  general  principles  can  be 
enunciated  concerning  the  structures  of  these  compounds.  These  principles  are 
discussed  and  illustrated  with  examples. 

(1)  J.C.J.  Bart,  M.  Calcaterra  &  K.A.  Woode,  Dyes  and  Pigments,  145  (1984); 
K.A.  Woode,  J.C.J.  Bart  &  M.  Calcaterra,  Dyes  and  Pigments,  _2,  271  (1981). 
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ACIDITY  STUDIES  OF  ZEOLITE  -  SUPPORTED  METAL  CATALYSTS  BY  INFRARED 
SPECTROSCOPY.  Ellis  B.  Zuckerman  and  Gordon  A.  Mel  son,  Dept,  of  Chem.,  Va. 
Commonwealth  Univ.,  Richmond,  VA  23284.  Zeolites  in  the  acid  form  have  proven 
to  be  effective  for  the  conversion  of  light  olefins  and  oxygenates  to  aromatic 
compounds  and  for  the  isomerization  and  cracking  of  normal  alkanes.  The 
activity  for  these  reactions  has  been  shown  to  be  related  to  the  degree  of 
Bronsted  acidity  in  the  zeolite.  Titration  of  the  zeolite  with  pyridine  gives 
rise  to  two  different  aromatic  ring  stretching  frequencies  in  the  infrared 
spectrum,  one  corresponding  to  the  pyridinium  ion  and  the  other  to  pyridine 
coordinated  to  Lewis  acid  sites.  Thus,  pyridine  chemisorption  is  a 
satisfactory  method  for  the  determination  of  the  Bronsted/Lewis  acidity  ratio 
and  changes  therein  with  catalyst  preparation  and  pretreatment.  Several  ZSM-5 
supported  iron,  cobalt,  and  ruthenium  catalysts  have  been  analyzed,  and  the 
results  have  been  related  to  their  catalytic  activity. 


Education 

CHEMISTRY  SIMULATIONS  AND  DEMONSTRATIONS  USING  THE  COMMODORE  64. 

Harold  M.  Bell,  Dept,  of  Chemistry,  Va.  Polytechnic  Inst.  &  State  Univ., 
Blacksburg,  VA  24061.  The  Commodore-64  is  a  very  powerful,  low-cost 
microcomputer.  Memory  is  adequate  for  most  tasks,  and  computing  speed  and 
graphics  quality  compare  favorably  with  the  more  expensive  micros.  Several 
programs  have  been  written  to  demonstrate  the  capabilties  of  this  system.  They 
are  written  in  BASIC  and  are  intended  for  use  in  high  school  and  first-year 
college  chemistry  courses.  Experiment  simulations  include  titration,  Boyle's 
law,  and  Charles'  law.  Radioactive  decay  is  an  effective  demonstration  which 
could  be  reworked  into  an  experiment.  A  program  for  perspective  plotting  of 
molecules  using  either  the  ball  and  stick,  or  space  filling  approach  is 
extremely  useful  in  teaching  molecular  structure.  The  traditional  CAI  approach 
is  used  in  an  infrared  interpretation  program. 


COMMUNITY  COLLEGE  STUDENTS  VERSUS  POSTSECONDARY  PROPRIETARY  SCHOOL 
STUDENTS:  A  NATIONAL  PERSPECTIVE.  Bernard  H.  Levin,  Dlv.  of  Social  and 
Behavioral  Sciences,  Blue  Ridge  Cmnty.  Col.,  Weyers  Cave  VA  24486,  & 

Darrel  A.  Clowes,  Col.  of  Education,  VPI  &  SU,  Blacksburg  VA  24061. 

Proprietary  schools  tend  to  be  ignored  by  community  colleges,  but 
community  colleges  are  seen  by  proprietary  schools  as  sources  of 
competition  for  the  same  pool  of  students.  No  previous  study  has 
examined  data  sufficient  to  test  this  competition  issue  on  a  nationwide 
basis.  A  national  stratified  random  sample  of  high  school  seniors  was 
exhaustively  sampled  for  individuals  who  subsequently  attended  either  a 
public  community  college  or  a  proprietary  school.  The  data  analyses 
demonstrate  that  students  at  proprietary  schools  were  more  likely  to  be 
white,  female,  and  middle  class.  The  predominant  reason  for  attending  a 
proprietary  school  seems  to  be  influence  by  parents  and  peers.  While  in 
certain  local  situations  and  curricula  there  may  be  competition,  it  is 
unlikely  that  proprietary  schools  in  general  are  competing  for  the  same 
student  population  as  that  recruited  by  community  colleges. 

MULTI-DIMENSIONS  IN  PLANT  BIOLOGY.  Martin  C.  Mathes,  Dept,  of  Biol.,  Col. 
William  and  Mary,  Williamsburg,  Va.  23185. 

The  plant  biology  program  at  the  College  of  William  and  Mary  illustrates  a  wide 
range  of  ancillary  programs  designed  to  complement  the  educational  program. 
Discussion  includes  aspects  of  volunteer  aides,  the  J.  T.  Baldwin,  Jr.  Memorial 
Collection  of  Woody  Species,  the  Wildflower  Refuge,  various  plant  collections, 
the  Living  Remembrance  program  and  the  Class  Tree  project.  Illustrated 
materials  included  3-D  projections.  The  topics  illustrate  a  over-all  objective 
to  increase  the  botanical  awareness  of  students  and  to  increase  educational 
efficiency  in  a  program  employing  the  College  campus,  greenhouse,  laboratory 
and  classroom. 
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INVESTIGATION  OF  THE  FRESHWATER  TIDAL  MARSHES  OF  THE  POTOMAC  ESTUARY:  A  TEAM 
APPROACH  James  V.  O’Connor , Dept.  Environmental  Sci. ,Univ.  D.C. , Washington, D.C. 
20008  &  Marion  C,  Blols,Dept.  Appl.  Sci. , Northern  Va.  Comm.  Col. , Manassas, VA. 
22110.  Two  freshwater  tidal  localities  highlight  the  unique  ecology  along  the 
Potomac  River.  Roosevelt  Island  and  Mason  Neck  Refuge  are  urban  wildlife  pre¬ 
serves,  formerly  farmland  owned  by  the  Mason  family.  Each  site  includes  tidal 
marsh,  swamp,  and  upland  ecology,  requiring  the  study  of  both  its  biological  and 
geological  processes.  Interdisciplinary  team  teaching  exposes  students  to  dif¬ 
ferent  observational  techniques.  Indoor  orientation  consists  of  reviewing  the 
natural  and  social  history  of  the  sites;  a  practical  approach  to  the  hydrod^ma- 
mics  of  the  ecosystem;  and  the  seasonal  recognition  of  the  native  or  exotic 
flora  and  fauna.  Basic  skills  include  identifying,  classifying,  and  sketching 
organisms  observed,  plus  measuring  flows,  currents,  and  quality,  and  analyzing 
cores.  Students  match  landforms  to  organisms,  and  practice  map  reading  and 
field  plotting  of  stations.  Reference  texts  are  assessed  for  content  and  field 
application.  Federal  rangers  serve  as  role  models,  future  contacts,  and  sources 
of  information  on  managing  environmental  problems. 


THE  NIBBLE  MACHINE:  DESIGNING  A  4  BIT  COMPUTER  TO  TEACH  HOW 
COMPUTERS  ARE  DESIGNED,  Dorn  W.  Peterson,  Physics  Dept. ,  James 
Madison  Univ. ,  Harrisonburg,  Va.  22807.  At'  JMU  all  computer 
science  majors  are  required  to  take  a  digital  electronics  course. 
This  course  spends  approximately  half  a  semester  working  with  the 
simple  functions  available  as  TTL  circuits  (NANDS,  ORS,  counters, 
encoders,  flip-flops,  etc.)  and  half  a  semester  interfacing  a 
simple  computer  (based  on  the  Intel  8085)  to  other  devices. 

Students  tend  to  ignore  the  connection  between  the  two  halves  of 
the  course.  In  particular,  they  don’t  think  about  how  a  computer 
is  actually  built  up  out  of  the  simple  logic  functions.  A  simple 
computer  with  8  machine  language  instructions  has  been  designed  to 
serve  as  a  bridge  between  the  simple  logic  functions  and  more 
reasonble  sized  computers.  This  computer  is  designed  to  be 
constructed  in  the  classroom  using  one  student  as  a  counter, 
another  as  a  latch,  a  third  as  the  control  store,  etc.  Students 
may  be  assigned  additional  out  of  class  problems  such  as 
implementing  additional  machine  language  instructions. 

FAMILY  SCIENCE  FOR  SECONDARY  STUDENTS.  Richard  J.  Rezba,  Div.  of  Teacher  Edu¬ 
cation,  Va.  Commonwealth  Univ.,  Richmond,  VA  23284.  Although  parents  have  been 
involved  In  their  children’s  education  in  science  in  many  ways,  the  recent  trend 
to  increase  this  participation  has  occurred mainly  at  the  elementary  grade  levels. 
This  increase  in  involvement  efforts  have  been  greatly  facilitated  by  the  in¬ 
clusion  of  take-home  activity  sheets  for  parents  in  every  new  edition  of  ele¬ 
mentary  science  series.  The  study  reported  herein  is  an  outgrowth  of  a  pre¬ 
vious  study  of  parental  involvement  at  the  elementary  level.  Using  a  different 
kind  of  homework  (short,  simple,  and  interesting  science  activities),  can 
similar  family  participation  in  science  be  encouraged  by  teachers  at  the  second¬ 
ary  level?  Twenty-four  pre-  and  inservice  teachers,  878  secondary  students  and 
their  families  were  involved  in  the  study.  As  homework,  students  were  given  a 
science  activity  to  conduct  at  home  that  might  also  involve  family  members  as 
participants  or  observers.  Results  suggest  that  the  greatest  barrier  to  family 
participation  is  getting  the  homework  home.  Of  the  878  students,  only  441  com¬ 
pleted  their  assigned  work.  Of  those  that  did,  however,  63%  involved  one  or 
more  of  their  family  members.  The  range  of  family  participation  by  class  was 
17  to  96%.  Of  the  numerous  responses  made  by  parents  on  an  accompanying 
questionnaire,  all  but  one  were  overwhelmingly  positive. 
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SCIENCE  EXPERIMENTATION  v.  SCIENCE  PROJECTS  FDR  TOE  AVKAffl  AM)  TOIW  STUDMT 

M^ELINE  SOBCZAK*  AND  RONALD  B.  GIESE,  SCBOOL  OF  BDUCATICM,  THE  WL.  OF  WILLIM  M)  MMY, 
WILLMdSBURG,  VA  23185.  Recipe  books  for  doing  science  projects  ^ound.  There  Is  a  paucity 
of  materials  to  assist  a  middle  or  secondaty  sdiool  teacher  In  teadilng  even  the  n»st  able 
students  the  steps  or  skills  involved  in  developing  an  orlglnlal  "research  problCTi".  TOls 
curriculum  project  Is  designed  to  provide  the  tchr  with  a  procedure  with  ^ildi  to  teadi  even  the 
less  able  students.  It  is  a  step  by  step  ajyroach  to  teaching  the  science  processes  & 
intellectual  skills  of  turning  an  Idea/topic  (e.g.  Plants)  Into  an  "ori^nal  research  prAlon". 

The  students  experiment  will  contain  a  statanent  of  his/her  probloi,  hypothesis,  Independent  & 
dependent  variables,  constants,  procedure,  date  collection  analysis  &  conclusions  drawn.  The 
unit  is  designed  to  take  between  4  &  6  weeks.  It  focuses  aromd  4  basic  studmt  questions:  1) 

What  naterials  do  I  have?  2)  What  do  th^  do?  3)  Hew  can  I  drange  ihat  they  do?  &  4)  What 
response  can  I  best  measure?  The  aim  of  the  project  is  to  have  each  student  In  the  class  capAle 
of  developing  independent  research  and  the  teacher  ramlnlng  sane, 

SOVIET  UNION  VIEWS  ON  THE  INFLUENCE  OF  SCIENCE  AND  TECHNOLOGY, 

M ,  Leroy  Spearman,  NASA  Langley  Research  Center,  Hampton,  VA 
23665.  In  the  materialistic  world  outlook  of  the  Soviet  Union, 
the  advancement  of  science  is  inseparable  from  the  purposes  of 
socialism.  Accordingly,  early  in  the  formation  of  the  U.S.S.R., 
the  government  took  charge  of  public  education,  and  devised  an 
educational  system  in  which  the  natural  and  social  sciences 
develop  according  to  an  overall  state  plan.  This  plan  is 
periodically  reviewed  and  revised,  as  are  all  other  phases  of 
the  national  economy,  to  insure  consistency  with  national 
objectives.  This  paper  will  briefly  outline  some  Soviet 
thoughts  on  the  importance  of  science  and  technology  and  review 
some  school  reform  measures  currently  being  implemented  with  a 
view  toward  enhancing  the  socialistic  system,  A  better 
understanding  of  basic  Soviet  training  philosophy  as  contrasted 
to  that  of  the  U.S.  should  provide  some  Insight  into  the 
possible  future  competitive  positions  of  the  two  countries. 

RETENTION  BY  GIFTED  SEVENTH  GRADERS  OF  ALGEBRA  ONE  TAUGHT  IN  THREE  WEEKS. 

H.W.  Straley,  F.  Keith  Ryder*,  and  Owen  Thomas*,  Math  Dept.  Woodberry  Forest 
School,  Woodberry  Forest,  VA  22989.  This  study  analyses  the  retention  of 
elementary  algebra  concepts  by  mathematically  gifted  seventh  graders  (entering 
eighth  grade)  who  studied  a  full  year  of  Algebra  One  in  a  three-week  summer 
course.  The  amount  and  type  of  material  retained  by  students  in  this  fast- 
paced  mathematics  course  is  described  and  their  retention  is  compared  with  that 
of  ninth  grade' college  bound  students  who  studied  Algebra  One  for  a  full  aca¬ 
demic  year  in  a  competitive  college  preparatory  school.  The  fast-paced 
students  retained  87%  of  the  material,  and  they  retained  significantly  more  of 
the  material  than  the  regular  students.  Anlysis  of  the  results  support  contin¬ 
uation  of  acceleration  summer  courses  for  mathematically  gifted  students, 

SUMMER  STARS  -  THE  GOVERNOR'S  REGIONAL  SUMMER  SCHOOL  OF  SCIENCE  AND  TECHNOLOGY. 
Elizabeth  M.  Waring,  Mathematics  and  Science  Center,  2401  Hartman  Street,  Rich¬ 
mond,  VA  23223.  The  summer  program  will  involve  25  teachers  and  125  students, 
working  together  in  "star  teams"  of  one  teacher  and  five  students,  and  learning 
together  new  content  in  areas  not  presently  found  in  science  courses.  Investi¬ 
gations  will  focus  on  the  space  shuttle,  biomedical  engineering  and  robotics. 
Consultants  from  higher  education,  business  and  industry  will  work  with  summer 
school  staff  to  provide  instruction.  An  integral  part  of  the  investigations 
will  be  the  use  of  computers  and  telecommunications  technology.  Emphasis  on 
personal  communication  will  be  in  presenting  oneself  effectively  in  interviews 
and  oral  presentations.  Students  and  teachers  will  spend  time  in  the  community 
where  scientific  content  is  used  in  applied  technology.  Teachers  will  develop 
units  to  share  with  others  in  their  divisions,  and  students  will  share  their 
summer  experiences  during  the  following  year  at  their  schools  and  in  their 
communities. 
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Engineering 

ENGINEERING  APPLICATIONS  OF  THE  IBM  PERSONAL  COMPUTER. 

Gerhard  H.  Beyer ^  Dept,  of  Chemical  Engineering,  Va.  Tech,  Blacks¬ 
burg,  VA  24061.  Conventional  uses  of  the  IBM/PC  -  for  word  pro¬ 
cessing,  spreadsheeting,  data  base  management,  equation  solving 
and  graphics  -  are  well  publicized.  Not  so  well  known  is  the  per¬ 
sonal  computer's  potential  for  data  acquisition  and  control.  A 
case  history,  detailing  the  use  of  the  IBM/PC  for  mapping  magnetic 
fields,  will  be  discussed. 


FEEDBACK  CONTROL  SYSTEM  FOR  BATCH  DISTILLATION  OF  MIXED  SOLVENTS.  D.  L. 
Michelseri  and  J.  G.  Haughty .  Virginia  Tech,  Blacksburg,  VA  24061.  Waste 
removal  has  always  .  been  a  problem  to  modern  industry.  Under  RCRA  changes 
implemented  in  1984,  federal  regulations  have  been  altered  to  place  stronger 
controls  on  the  disposal  of  waste  chemicals  from  small  generators.  With  the 
costs  for  disposal  rising,  the  possibility  of  recovering  waste  solvents  looks 
more  feasible  than  before.  A  batch  distillation  system  is  being  designed  and 
installed  to  recover  useful  solvents  from  multi-component  mixtures.  To  cut 
down  on  the  cost  of  operating  this  unit,  a  computer  is  interfaced  with  the 
column  to  run  it  automatically.  Six  thermocouples  are  equally  spaced  along 
the  column.  Every  half  minute  these  thermocouples  are  read  by  the  computer 
which  in  turn  decides  how  to  vary  the  reflux  ratio  of  the  rising  vapors. 
Since  the  voltage  produced  by  the  thermocouples  is  very  small,  the  signals 
have  to  be  sent  through  electronic  circuitry  to  multiply  the  signal  and  to 
compensate  for  the  extra  potential  difference  created  by  the  contact  of  the 
thermocouples  on  the  circuitry.  This  low  cost  recovery  system  could  prove  to 
be  the  way  of  the  future. 


CIT— INSTITUTE  FOR  MATERIALS  SCIENCE  &  ENGINEERING.  Carl  T.  Herakovich  . 
Engineering  Science  &  Mechanics  Dept.,  VPI  &  SU,  Blacksburg,  VA  24061.  The 
organization,  goals  and  funding  of  the  Center  for  Innovative  Technology  (CIT) 
are  reviewed.  The  Institute  for  Materials  Science  &  Engineering,  one  of  four 
institutes  in  CIT,  is  discussed  in  detail.  The  organization,  research  program, 
budget,  submission  of  proposals,  and  current  activities  of  the  Institute 
(Adhesion,  Composites,  Electronic  Materials,  Metals  &  Ceramics,  and  Polymers) 
are  described. 


ASPECT  RATIO  EFFECTS  IN  LOW  REYNOLDS  NUMBER  FLOW.  J.  F.  Marchman,  A.  A. 

Abtahi,  V.  Sumantran,  Dept,  of  Aerospace  and  Ocean  Engineering,  Virginia  Tech, 
Blacksburg,  VA.  24061  and  Z.  Sun,  Visiting  Scientist,  Peoples  Republic  of 
China.  Wind  tunnel  tests  were  conducted  on  wings  with  a  Wortmann  FX-63-137-ESM 
airfoil  section  to  determine  the  effects  of  aspect  ratio  on  aerodynamic  per¬ 
formance.  Aspect  ratio  was  found  to  have  essentially  the  same  effects  seen  at 
higher  Reynolds  number;  i.e.,  changing  the  slope  of  the  lift  curve  with  slight 
changes  in  Aspect  ratio  was  also  found  to  have  some  Influence  over  the 

area  within  the  low  Reynolds  number  stall  hysteresis  loop. 


THE  COMPUTER  INITIATIVE  PROGRAM  FOR  ENGINEERING  STUDENTS  AT  VIRGINIA  TECH. 
Charles  E .  Nunnally ,  Col.  of  Engineering,  Virginia  Tech,  Blacksburg,  Va.  24061. 
In  the  fall  of  1984  all  entering  engineering  freshmen  were  required  to  buy  for 
individual  use  their  own  personal  computer.  The  computers  purchased  will  add 
300  million  bytes  of  individual  computer  power  to  the  University  each  new  year. 
Major  course  innovations  and  course  utilization  are  underway.  Each  faculty 
member  within  the  College  of  Engineering  has  been  provided  equipment  to  move 
into  this  new  educational  adventure.  After  9  months  of  implementation,  all 
Indicators  are  still  very  positive. 
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THE  TECHNOLOGIST'S  POLITICAL  IMPOTENCE.  D.  H.  Pletta,  Emeritus,  Engr.  Sci.  & 
Mech.,  VPI  &  SU,  Blacksburg,  VA  24061.  Technologists,  particularly  scientists 
and  engineers,  have  improved  living  standards  but  generated  harmful  side-effects 
as  well.  These  posed  no  threat  if  small  or  were  tolerated  if  large  because  of 
the  public's  political  impotence,  or  because  the  efforts  of  scientists  and  engi¬ 
neers  were  thwarted  by  legislative  action  or  their  own  inaction.  Engineers  at 
least  failed  to  fulfill  their  paramount  professional  obligation  to  protect  the 
public  health  and  safety.  Their  education  never  groomed  them  for  societal  lead¬ 
ership  roles.  Cases  cited  include  overloading  of  highways  and  bridges  by  unila¬ 
teral  legislative  action  that  caused  unnecessary  damage  and  accidental  deaths; 
damage  from  acid  rain  and  irrigated-f ield  runoff;  Joint  engineering/biological/ 
sociological /legislative  failures  because  interdici pi  inary  factors  were  ignored 
in  their  design,  etc.  The  paper  suggests  that  the  public  would  be  better* served 
if  engineers  and  scientists  were  better  organized  for  societal  leadership,  if 
educational  programs  cited  that  need,  if  legislators  were  required  to  seek  and 
abide  by  technical  advice  from  Academies  of  Science  and  Engineering  on  technical 
issues,  if  legislators  who  did  not  were  held  personally  responsible  for  their 
"malpractice"  when  damage  or  deaths  resulted,  and  if  credential  led  scientists 
and  engineers  were  held  ethically  accountable. 

THE  CASE  FOR  INNER  SPACE.  Robert  L.  Whltelaw,  Mech.  Engrg.  Dept.,  V.P.I.&S.U. 
Blacksburg,  Va.  24061.  By  "Inner  Space"  is  meant  the  one  domain  not  yet 
available  to  human  use  and  development,  the  140,000,000  sq.ml.  of  world  ocean 
floor,  well  over  twice  all  land  surface.  And  whereas  the  most  optimistic 
program  for  outer  space  will  return  less  than  a  millionth  of  earth  resources 
and  labor  it  will  consume,  the  world's  sea-floor  represents  virgin  territory, 
nowhere  more  than  seven  miles  from  fresh  air  and  sunlight,  holding  triple  the 
resources  now  remaining  on  land,  and  only  awaiting  feasible  vehicles  &  tools  to 
harvest  it.  This  paper  provides  the  arguments  favoring  such  an  endeavor, 
surveys  the  equipment  needed,  and  evaluates  the  potential  benefits.  The 
economic  and  engineering  obstacles  to  be  surmounted  to  roam  and  harvest  the 
sea-floor  at  will,  are  seen  to  be  no  greater  than  those  overcome  (not  to  speak 
of  more  serious  ones  ahead)  in  the  Outer  Space  program. 

Those  pioneer-engineers  by  whom  mankind  may  gain  peaceful  access  to  the  riches 
of  the  world  ocean  floor  will  leave  a  boon  far  greater  than  the  "giant  step" 
the  lunar  landing  purported  to  be,  and  far  exceeding  all  the  hoped-for 
commercial  benefits  from  the  satellites  planned  for  outer  space. 


Environmental  Science 

NEW  DEVELOPMENTS  IN  MARINE  FISHERIES  MANAGEMENT  IN  VIRGINIA.  Paul  J.  Anninos, 
Fisheries  Management  Division;  Virginia  Marine  Resources  Commission,  Newport 
News,  Va.  23607.  Many  advances  have  recently  been  made  in  fisheries  resource 
management  in  Virginia.  The  Virginia  Marine  Resources  Commission  has  formed  a 
new  Division  of  Fisheries  Management  incorporating  three  major  departments; 
Fisheries  Plans  and  Statistics,  Oyster  Conservation  and  Repletion,  and  Oyster 
Ground  Leasing  and  Surveying.  Further,  the  Virginia  General  Assembly  has  adopt¬ 
ed  a  fisheries  management  policy  which  provides  guidance  to  the  Marine 
Resources  Commission  in  developing  conservation  and  management  measures  and  in 
resolving  user  group  conflicts.  There  is  a  trend  toward  the  reduction  of  the 
Legislature's  involvement  in  the  day-to-day  details  of  fisheries  management. 
Fishery  management  plans  for  the  American  Oyster,  Crassostrea  virginica,  and 
the  striped  bass,  Morone  saxatalis,  will  be  drafted  by  agency  staff  during  the 
1984-86  Biennium.  A  newly  appointed  Fisheries  Management  Advisory  Committee 
will  provide  user-group  (commercial  and  recreational)  input  to  the  plan  develop¬ 
ment  and  conflict  resolution  processes.  Public  participation  is  considered  to 
be  a  key  to  the  success  of  management  plan  development  activities. 
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NORFOLK  CITY’S  WETLANDS:  THEIR  MANAGEMENT  AND  PROTECTION.  Carvel  Blair;  Dept, 
of  Oceanography,  Old  Dominion  University,  Norfolk,  VA  23508,  &  E.  L.  Rosenberg, 
Asst.  Mgr.,  Environmental  Services,  City  of  Norfolk,  VA  23501.  Since  1982  the 
city’s  saltmarshes  have  been  managed  by  an  appointed  Wetlands  Board.  The  law 
carefully  defines  both  vegetated  and  non-vegetated  wetlands.  Under  a  basic 
policy  of  preservation,  the  Board  can  issue  permits  for  wetland  modification 
only  in  a  limited  class  of  cases  in  which  ’’anticipated  public  and  private 
benefit...  exceeds  the  anticipated  public  and  private  deteriment”.  At  monthly 
public  hearings,  the  Board  considers  permit  requests  together  with  staff 
recommendations  and  those  of  the  technical  advisor  from  VIMS.  The  board  also 
acts  on  violations  of  wetlands  laws.  From  an  average  of  one  permit  request  and 
one  violation  per  month,  the  volume  of  work  has  been  steadily  increasing.  In 
1984,  the  staff  made  over  370  field  inspections.  The  system  is  working  well, 
but  additional  staff  is  needed  to  handle  the  growing  case  load.  Research  on  the 
effectiveness  of  compensation  as  a  management  tool  and  more  detailed  surveys  of 
tidal  range  are  necessary,  A  law  passed  by  the  1985  General  Assembly,  although 
relating  to  coastal  primary  sand  dunes  rather  than  wetlands,  poses  a  challenge 
to  the  Board’s  jurisdiction.  Although  its  effects  remain  to  be  seen  it  is  a 
potentially  grave  threat  to  environmental  protection  in  the  Commonwealth, 

FOOD  OF  FISH  ASSOCIATED  WITH  ARTIFICIAL  REEFS  IN  THE  CHESAPEAKE  BAY  AND 
VIRGINIA’S  NEARSHORE  WATERS.  Mark  F.  Bushing  ,  Leslie  L.  Parker,  and  David  L. 
Feigenbaum,  Dept,  of  Oceanography,  Old  Dominion  University,  Norfolk,  VA  23508 
The  stomachs  and  gonadal  development  of  340  fish,  caught  by  hook  and  line  on 
and  around  artificial  reefs  located  at  Gwynn’s  Island,  Cape  Charles  and 
Wachapreague,  were  examined.  Of  the  nineteen  different  species  caught,  six, 
Micropogon  undulatus  ,  Centropristis  striata  ,  Pomatomus  salatrix  , 
Mycteroperca  sp.  ,  Paralichthys  dentatus  ,  and  Tautoga  onitis  ,  were  common  to 
all  three  sites,  and  one,  Opsanus  tau  ,  was  caught  at  both  Gwynn's  Island  and 
Cape  Charles.  The  diet  of  these  seven  species  shows  variation  from  site  to 
site.  Visual  inspection  and  collection  by  SCUBA  were  used  to  establish  the 
presence  of  sessile  and  motile  invertebrates  on  the  reef  structures. 
Characteristically,  these  organisms  were  different  than  the  invertebrates  found 
in  the  surrounding  sediment.  The  presence  of  these  "reef  structure" 
invertebrates  in  the  fish  stomachs  suggests  that  the  reefs  not  only  attract 
fish,  but  also  contribute  to  the  nutrition  of  the  species  which  inhabit  them. 

SEASONAL  AND  SPATIAL  CHANGES  IN  THE  ZOOPLANKTON  FAUNA  OF  GUNSTON  COVE  AND  THE 
NEARBY  POTOMAC  RIVER.  Paul  Ces tone* and  R.  Christian  Jones,  Dept,  of  Biol., 
George  Mason  Univ.,  Fairfax,  Va.  22030.  Depth-integrated  samples  of  zooplank¬ 
ton  were  collected  at  eleven  stations  in  Gunston  Cove  and  the  nearby  Potomac 
River  biweekly  from  March  through  December  1984  using  a  submersible  pump. 
Rotifers  dominated  the  fauna  at  all  sites  on  most  dates.  Cladocera  and 
copepods  were  most  abundant  in  late  May  and  June.  In  the  cove  zooplankton 
densities  increased  rapidly  in  spring  reaching  a  peak  of  several  thousand  per 
liter  in  late  May  and  gradually  declined  through  the  rest  of  the  year.  In  the 
river  densities  were  highest  in  early  July.  Densities  were  generally  higher 
in  the  cove  than  in  the  river. 
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PROTOZOAN  AND  MACROINVERTEBRATE  COLONIZATION  DYNAMICS  IN  POLLUTED  STREAMS. 

Karen  P.  Christensen^^  and  Arthur  L.  Buikema,  Jr.,  Dept  of  Biology,  Va.  Polytech. 
Inst.,  Blacksburg,  Va.  24061.  Polyurethane  foam  units  and  rock-filled  baskets 
collected  protozoans  and  macroinvertebrates,  respectively,  from  two  Industrial 
sites  in  southwestern  Virginia.  Collections  were  made  on  a  geometric  time 
course  at  stations  above,  within,  and  below  effluents  to  determine  colonization 
rates.  The  two  communities  responded  similarly  when  exposed  to  an  effluent 
containing  metals.  Colonization  rate  and  number  of  species  at  equilibrium  de¬ 
creased  near  the  discharge.  Species  compositional  differences  between  stations 
are  not  significant.  Samples  from  a  site  receiving  an  organic  effluent  differed 
in  their  responses.  Protozoan  colonization  rate  was  elevated,  due  in  part  to 
dilates  coming  from  an  organic  waste  discharge.  Macroinvertebrate  colonization 
was  depressed,  then  recovered  somewhat  downstream  from  the  discharge.  Although 
both  protozoan  and  macroinvertebrate  colonization  dynamics  change  significantly 
under  the  above  stresses,  the  protozoan  community  cannot  be  compared  to  or 
substituted  for  macroinvertebrate  monitoring  techniques  in  an  organic-enriched 
effluent . 


THE  HYDEOGEOLOGY  OF  A  FERROUS  SULFATE  WASTE  SITE,  PINEY  RIVER,  NELSON  COUNTY, 
VIRGINIA.  Steven  A.  Colton^&  H.  G.  Goodell,  Dept,  of  Environmental  Sciences, 
University  of  Virginia,  Charlottesville,  Va.  22903.  Acid  leachate  from  ferrous 
sulfate  mine-mill  waste  has  been  responsible  for  major  fish  kills  in  the  Piney 
River,  Nelson  County,  Virginia.  A  hydrogeologlc  investigation  using  I  electro¬ 
magnetic  terrain  conductivity  profiles  has  identified  the  sources  and  extent 
of  subsurface  contamination.  In  addition  to  the  former  ferrous  sulfate  dumping 
area  and  a  new  clay-lined  burial  pit,  both  of  which  are  sources  of  acid  to  the 
groundwater,  a  former  evaporation  pond  is  a  major  generator  of  acid  contami¬ 
nation  moving  toward  the  Piney  River.  Flow  net  analysis  of  the  water  table 
potentiometric  surface  derived  from  seismic  refraction  and  monitoring  well 
data  confirms  the  migration  directions  of  the  contaminant  plumes. 


SOCin-EGSTOIlIG  GOITSIDERATiaiG  FOR  ARTIFICIAL  REEF  DFVELOPMFL:!  Ill  YIRGIRIA, 

YEAR  I,  Dean  T,  Devereaux*  and  David  L.  FeigenbaumJ  Dept,  of  Ocen,,  Old 

Dominion  Univ. ,  Ilorfolk,  Va.  2350S|  Eric  Anderson*,  Dept,  of  Econ.,  Old 

Dominion  Univ.,  Rorfolk,  Va.  23508.  Dockside  interviews  were  used  to  col¬ 

lect  information  regarding  catch  and  fishing  trip  expenses  for  anglers  who 
visited  Uachapreague,  Virginia,  during  the  summer  and  fall  of  19S4»  One  hundred 
tv;enty  three  surveys  were  administered  in  order  to  pretest  two  questionnaires, 
which  v/ill  be  used  in  Year  II  for  estimation  of  economic  benefits  associated 
with  the  Chesapeal:e  Light  Station  Artificial  Reef.  Direct  economic  and  recre¬ 
ational  benefits  will  be  compared  to  the  costs  of  reef  construction.  To  date, 
three  recreational  user  groups  (private  boat  anglers,  charter/headboat  anglers, 
and  sport  divers)  have  been  identified.  The  contingent  valuation  method  will 
provide  an  equation  for  user  valuation  based  aa  vdllin guess- to  pay. 

Very  feu  of  the  anglers  sampled  (Sp  of  the  private  boaters)  recalled  ever 
having  fished  the  ODII  Reef,  Reef  usage  may  be  limited  by  the  relatively  small 
size  of  the  reef  and  by  the  high  catch  e^qpectations  of  the  anglers,  (Supported 
by  Sport  Fishing. Institute,  Rash,,  D,  C,  and  Artificial  Reef  Program,  Old 
Dominion  Univ,,  Rorfolk,  Va,) 
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SPATIAL  MAPPING  OF  SALT  WATER  INTRUSION  INTO  THE  CENOZOIC  AQUIFERS  OF 
SOTUHEASTERN  VIRGINIA  USING  ELECTROMAGNETIC  TERRAIN  CONDUCTIVITY.  Jeffrey 
Flanzenbaum*  and  H.  Grant  Goodell,  Dept,  of  Environmental  Sciences,  Univ. 
of  Virginia,  Charlottesville,  VA  22903.  Terrain  electromagnetic  conductivity 
(EM)  was  used  to  determine  the  freshwater-seawater  interface  in  Southeastern 
Virginia.  Conductivity  data  at  six  different  penetration  depths  was  obtained 
during  the  summer  1984.  Preliminary  analysis  of  EM  data  places  the  inter¬ 
face  along  the  Atlantic  coastline  and  along  the  banks  of  the  Elizabeth  River 
and  Lynnhaven  Bay.  The  analysis  suggests  that  only  minimal  seawater 
intrusion  into  the  water  table  and  Yorktown  Aquifers  has  occurred.  This 
observation  is  consistent  with  the  VSWCB  positioning  of  the  interface  based 
on  monitoring  wells.  Additionally,  EM  contour  plots  have  outlined  areas  of 
low  conductivity  which  may  be  sources  of  potable  water.  These  low 
conductivity  regions  coincide  with  the  Pleistocene  topographic  ridges.  A 
two-dimensional  saltwater  intrusion  model,  AQUIFEM-SALT ,  is  being  applied 
to  this  study  area  for  use  in  monitoring  and  management.  (Supported  by  a 
grant  from  the  Virginia  Environmental  Endowment) . 


feeding  ecology  of  the  aquatic  OLIGOCHAETE,  AEOLOSOMA.  Jay  L.  Garland  *  and 
Arthur  L.  Buikema  Jr.,  Department  of  Biology,  VPI  &  SU.  Blacksburg,  Va.  24061. 
Grazing  effects  of  meiofauna,  such  as  the  oligochaete  Aeolosoma,  on  the  ben¬ 
thic  algal  and  bacterial  communities  are  poorly  understood.  The  mechanism  of 
feeding  in  Aeolosoma,  including  mucus-associated  aggregation  of  detrital  par¬ 
ticles,  was  examined.  ChlA  and  protein  was  measured  in  grazed  and  ungrazed 
cultures  of  natural  water  containing  .45-54  um  natural  detrital  particles. 

No  difference  was  found  in  overall  microbial  and  algal  biomass  as  measured 
by  protein.  Grazing  caused  an  initial  decrease  in  ChlA  (2  day)  but  latter 
Increased  ChlA  (  5  and  10  day).  Increased  ChlA  will  be  discussed  in  relation 
to  shifts  in  algal  community  composition  caused  by  prey  selectivity  in  Aeolo¬ 
soma. 


STATISTICAL  MODELS  FOR  TEMPERATURE  AND  PRECIPITATION  PREDICTION  AT  CHARLOTTES¬ 
VILLE,  VIRGINIA.  SHERRY  A.  HEITCHEW*  AND  STEPHEN  J.  COLUCCI,  DEPT.  OF  ENVI. 
SCI.,  UNIVERSITY  OF  VIRGINIA,  CHARLOTTESVILLE,  VA  22903. 

Two-parameter  linear  prediction  models  are  developed  for  surface  daily  maximum 
and  minimum  temperature  and  precipitation  at  Charlottesville,  Virginia.  De¬ 
parture  from  normal  surface  temperatures  are  found  to  be  positively  correlated 
with  departure  from  normal  vertically  averaged  temperature  and  with  west-to- 
east  component  of  surface  winds.  Above  (below)  normal  surface  temperatures 
can  occur  with  below  (above)  normal  vertically  averaged  temperature  if  surface 
winds  blow  from  the  west  (east),  due  to  adiabatic  warming  (cooling)  in  down- 
slope  (upslope)  flow.  Errors  in  operational  model  surface  precipitation  fore¬ 
casts  are  found  to  be  negatively  correlated  with  model  surface  pressure  fore¬ 
cast  errors.  Observed  precipitation  is  greater  (less)  than  model  forecast 
when  model  surface  pressure  is  forecast  too  high  (low)  associated  with  oceanic 
(continental)  storms. 
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PLANKTON  ROTIFER  RESPONSES  TO  HERBICIDE  STRESS  IN  IN  SITU  MICROCOSMS. 

David  G.  Jenkins^,  Arthur  L.  Buikema,  Jr.,  Dept,  of  Biol.,  Va.  Polytechnic 
Inst.,  Blacksburg,  Va.  24061.  Plankton  microcosms  were  dosed  with  the  photosyn¬ 
thetic  inhibitor  simazine.  Randomly  selected  subsets  were  removed  for  sampling 
and  analysis  weekly  for  3  weeks.  The  rotifers,  Kellicottia,  Keratella , 
Polyarthra  and  Synchaeta  dominated  the  zooplankton.  Other  species  were  rare  or 
never  exceeded  1%  of  the  total.  Dissolved  oxygen  and  pH  decreased  with 
increased  dose.  Total  rotifer  abundance  decreased  gradually  over  time  for  all 
doses  due  to  an  enclosure  effect  (lack  of  mixing,  etc.).  Superimposed  on  this 
overall  decrease  was  a  positive  effect  of  dose  on  populations  of  Kellicottia  and 
Keratella;  Polyarthra  and  Synchaeta  decreased  slightly  with  dose.  The  net 
effect  was  a  dose-related  trend  away  from  the  natural  species  composition  change 
to  Polyarthra-dominated  microcosms  (controls).  Simazine-dosed  microcosms . showed 
maintained  (or  delayed  change  in)  composition,  with  Kellicottia  retaining 
dominance.  Sensitivity  to  simazine  as  measured  by  birth  rate  (B)  decreased  in 
the  following  order:  Keratella,  Polyarthra,  Kellicottia.  Possible  explanations 
for  these  trends  include  selective  toxicity  of  simazine  to:  a)  Polyarthra  and 
Synchaeta;  b)  prey  items  of  Polyarthra  and  Synchaeta  or  c)  both. 


EVIDENCE  FOR  HETABOLIC  ACTIVITY  IN  AIRBORNE  BACTERIA.  Linda  A^  Jolley* , 
Aaron  L.  Wills*,  &  James  N.  Galloway*,  Dept,  of  Environmental  Sciences, 
Univ.  of  Va.,  Charlottesville,  Va.  22903.  Rain  samples  were  collected 
aseptically,  during  1984,  in  Charlottesville,  Va  to  study  the  ability  of 
microorganisms  to  utilize  formate  and  acetate.  The  total  number  of  cells, 
as  counted  by  Acridine  Orange  Direct  Counts,  was  an  order  of  magnitude 
greater  from  April  to  September  (10^  cells/mL)  than  during  the  rest  of  the 
year  (10^  to  10“^  cells/mL) .  Formate  and  acetate  concentrations  ranged 
between  6-23uM  and  3-9uM  respectively  and  were  higher  from  June  to 
September.  Initial  rates  of  heterotrophic  uptake  were  not  different  from  the 
controls,  but  after  4  days,  the  total  uptake  was  55%  and  52%  for  formate  and 
acetate  respectively.  Total  cell  counts  increased  from  1.4  x  10^  to  1.6  x 
10^  cells/mL  during  that  interval.  Michaelis-Menten  turnover  times  were  2.3 
days  and  27  days  and  the  in  situ  uptake  rates  were  3000  and  210  nM/day  for 
formate  and  acetate  respectively.  This  study  has  demonstrated  that  there 
are  viable  microorganisms  in  the  atmosphere  that  are  capable  of  utilizing 
formate  and  acetate  for  growth,  and  suggests  that  the  potential  for 
atmospheric  activity  exists. 


SEASONAL,  SPATIAL,  AND  DIEL  VARIATIONS  IN  THE  CHLOROPHYLL  CONCENTRATIONS  OF 
GUNSTON  COVE  AND  THE  NEARBY  POTOMAC  RIVER.  R.  Christian  Jones,  Dept,  of  Biol., 
George  Mason  Univ.,  Fairfax,  Va.  22030.  Chlorophyll  a  was  determined  fluoro- 
metrically  on  surface  (0.3  m)  samples  collected  biweekly  from  March  through 
December  1984  at  eleven  sites  in  Gunston  Cove  and  the  nearby  Potomac  River. 

Four  diel  studies  were  also  conducted  at  the  same  sites  with  chlorophyll 
measured  at  four-hour  intervals.  During  some  diel  studies  chlorophyll  varied 
markedly  being  greatest  during  the  day  and  least  at  night.  Chlorophyll 
showed  greatest  levels  from  mid-May  through  October  in  the  inner  cove  with 
four  distinct  peaks  (  50  ug/1).  In  the  river  a  single  maximum  of  50-60 

ug/1  was  observed  during  late  June  and  early  July.  Chlorophyll  values  in 
Gunston  Cove  were  consistently  greater  than  those  in  a  smaller  nearby  cove, 
Dogue  Creek. 
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SOME  PARAMETERS  OF  WATER  QUALITY  AT  THE  MOUTH  OF  CHESAPEAKE  BAY. 

Wing  H.  Leung »  Dept,  of  Chemistry,  Hampton  University*  Hampton,  Va.  23668. 

The  Water  Quality  Laboratory  at  Hampton  University  conducted  an  extensive 
monitoring  survey  of  parameters  (biological,  chemical  and  physical)  of  water 
quality  at  10  stations  located  along  a  transect  (CB  -  0)  near  the  mouth  of 
the  Chesapeake  Bay  from  Cape  Henry  to  Fisherman's  Island.  A  newly  developed 
probe  (Hydrolab  System  8000  Probe)  was  used  for  collecting  samples,  and 
simultaneously  measured  the  ambient  condition  data  of  depth,  dissolved 
oxygen,  pH,  temperature  and  conductivity/ salinity .  Seasonal  variations  of 
turbidity,  silica,  chlorophyll  a  and  trace  metals,  and  together  with  other 
properties  were  studied  and  reported. 

Virginia's  Artificial  Reef  Program:  Past^  Present  and  Future. 

Michael  H.  Meier*  Fisheries  Management  Division,  Virginia  Marine  Resources 
Comiission,  Nev^rt  News,  Virginia  23607-0756.  The  goal  of  the  Artificial 
Reef  Program  is  to  develop  productive  fishing  grounds  for  sportsfishermen  by 
duplicating  the  natural,  rough  bottom  conditions  that  attract  fish.  Both 
natural  and  artificial  reefs  attract  fish  in  similar  fashion  by  providing 
feeding  area,  protection  frcm  currents  and  predators,  and  a  source  of 
orientation.  Virginia's  publicly  supported  program  began  in  1972  vdien  the 
CoiiTOonwealth  acquired  six  surplus  Liberty  Ships  frcm  the  Federal  Maritime 
A(±Tiinistration  for  use  as  artificial  reefs.  All  six  ships  were  partially 
scrapped,  cleaned  of  pollutants,  and  sunk  at  two  offshore  sites.  A  third 
offshore  site  has  been  developed  primarily  with  discarded  automobile  and  truck 
tires,  as  well  as  small  vessels  and  other  materials.  The  program  is  currently 
administrating  a  three  year  study,  the  goal  of  vhich  is  to  develop  a  master 
plan  for  future  artificial  reef  development  in  Virginia. 

CHEMISORPTION  CONTROLS  ON  HEXAVALENT  URANYLE  COMPLEXES  IN  GROUNDWATER.  T.  E. 
Niemi*  and  H.  G,  Goodell,  Dept,  of  Environmental  Sciences,  Univ.  of  Virginia, 
Charlottesville,  VA  22903.  Adsorption/desorption  processes  are  considered  the 
principal  control  on  uranium  concentrations  in  Culpeper  Triassic-Jurassic  Basin 
•groundwaters.  Complexing  of  aqueous  hexavalent  uranium  by  inorganic  carbonate 
(CO^”)  and  phosphate  (HPO^”)  anions  was  examined  to  determine  their  effect  on 
the  distribution  coefficient  using  a  hornfels  substrate,  the  principal 
mineralized  lithology  in  the  basin.  Carbonate  complexing  causes  exceptional 
inhibition  of  uranium  sorption;  phosphate  complexing  results  in  significant 
adsorption.  When  both  anion  complexes  are  present,  carbonates  ability  to 
inhibit  uranium  adsorption  prevails.  Carbonate  also  causes  almost  complete 
desorption  of  previously  sorbed  uranium.  The  prevalence  of  carbonate  in  basin 
groundwaters  suggests  that  high  uranium  concentrations  in  basin  groundwaters 
are  truly  indicative  of  localized  uranium  mineralization.  (Supported  by  a 
grant  from  the  Virginia  Environmental  Endowment) . 


SPATIAL,  SEASONAL,  AND  DIEL  VARIATIONS  IN  PH  AND  ALKALINITY  IN  GUNSTON  COVE  AND 
THE  NEARBY  POTOMAC  RIVER.  Ann  C.  Powe1l*and  R.  Christian  Jones,  Dept,  of  Biol., 
George  Mason  Univ.,  Fairfax,  Va.  22030.  Alkalinity  and  pH  were  determined  on 
depth-integrated  samples  collected  biweekly  from  March  throunh  December  1984 
at  eleven  sites  in  Gunston  Cove  and  the  nearby  Potomac  River.  Four  diel  ; 
studies  were  also  conducted  at  the  same  sites  during  which  pH  and  alkalinity 
were  measured  at  four-hour  intervals.  Alkalinity  showed  no  reqular  diel 
variations,  but  on  several  occasions  pH  did  vary  in  a  regular  fashion  with 
highest  values  occuring  in  the  afternoon  and  lowest  values  just  before  sunrise. 
During  summer  pH  was  generally  higher  and  alkalinity  generally  lower  in  the 
cove  than  in  the  river.  pH  was  highest  during  the  summer  reaching  9-10  in 
the  cove  and  8-9  in  the  river.  Highest  alkalinity  values  were  observed  in 
June  and  September  in  the  inner  cove  and  June-early  July  and  November  in  the 
outer  cove  and  river. 
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THE  EFFECTS  OF  ACIDIFICATION  ON  THE  BENTHIC  INSECT  COmUNITY  OF  A  LOW  ORDER 
APPALACHIAN  STREAM.  Herbert  H.  ^  Jr  *  and  R.  Christian  Jones;  Dept,  of  Biol., 
George  Mason  Univ.,  Fairfax,  Va.  22030.  The  benthic  insect  communities  from 
neutral  and  acidic  portions  of  Mill  Run,  a  low  order  stream  on  Massanuten 
mountain,  were  examined  bimonthly  over  a  ten  month  period.  Stream  chemistry 
parameters  were  measured  biweekly  in  the  stream  by  the  United  States  Geological 
Survey.  Results  show  that  the  insect  community  from  the  neutral  portion  of  the 
stream  is  more  diverse  than  the  community  from  acidic  waters.  Orders  present 
at  all  sites  included  Trichoptera,  Plecoptera,  Megaloptera,  and  Diptera  while 
Ephemeroptera  and  Odonata  were  generally  absent  from  acidic  waters.  Several 
water  chemistry  parameters  may  be  responsible  for  this  discontinous  distribution. 


AQUATIC  MICROBIAL  COMMUNITY  RESPONSES  TO  STRESS:  COMPARISON  OF  ADENYLATE  RATIO 
AND  HETEROTROPHIC  INDEX.  David  G.  Toczydlowski*  and  Arthur  L.  Buikema,  Jr., 
Dept,  of  Biology,  Va.  Polytechnic  Inst.,  Blacksburg,  VA  24060.  Two  environmen¬ 
tal  stress  Indices  are  compared,  the  Hetero trophic  Index  (ATP/Chl  a^)  and  ATP/ADP 
ratios.  The  structure  of  different  microbial  communities  that  develop  upstream 
and  downstream  of  sewage  treatment  plants  is  discernable  through  ATP/Chl  ^ 
ratios  while  the  metabolic  status  of  a  community  is  indicated  by  ATP/ADP  ratios. 
High  ATP/Chl  a.  values  are  indicative  of  organic  pollution.  High  ATP/ADP  values 
indicate  metabolic  well  being,  A  ten  to  thirty  fold  increase  in  ATP/Chl ratios 
and  increased  ATP/ADP  ratios  result  from  organic  pollution.  Decreased  species 
diversity  accompanies  these  changes.  The  metabolic  status  of  microbial  communi¬ 
ties  may  not  be  related  to  environmental  quality  and  healthy  communities  are  not 
necessarily  associated  with  unperturbed  environments,  ATP/ADP  ratios  correlate 
with  adenylate  energy  charge  measurements  (ATP  +  ADP)/(ATP  +  ADP  +  AMP). 

SEASONAL  AND  SPATIAL  VARIATIONS  IN  THE  I CHTHYOPLANKTON  FAUNA  OF 
GUNSTON  COVE  AND  NEARBY  TIDAL  WATERS  OF  THE  POTOMAC  RIVER 
ESTUARY.  Sue  Anne  Touart,*  Dept.  of  Biol.,  George  Mason  Univ., 
Fairfax,  Va.  22030.  Tchthyoplankton  of  Gunston  Cove  and  nearby 
waters  of  the  Potomac  River  Estuary  were  collected  from  April 
through  August  of  1985.  Five  families  were  represented  in  the 
collections?  they  were  Clupeidae  (84%),  Perc ichthy idae  (14%),  and 
Atherinidae,  Centrarch idae  and  Cyprinidae  (all  <  1%).  Seasonal 
changes  in  species  composition  were  observed,  with  Morone 
S!!li.Li£§D§  Biiosa  sp^j,  appearing  in  the  earliest  collections. 

Bi  £®06djanum,  Menidja  beryl,! J,na  and  Nptrogi,s  species  were  added 
to  the  collections  in  May  and  centrarchid  species  were  noted  in 
June.  After  the  second  week  of  June  M,^, 

collected  and  numbers  of  clupeidae  Individuals  began  a  gradual 
decline.  Clupeid,  percichthyid  and  atherinid  fishes  were 
collected  from  all  stations  in  this  study  while  Centrarchid 
fishes  were  collected  primarily  from  cove  stations.  It  appears 
that  this  area  serves  as  a  spawning  and  nursery  grounds  for 
fishes  representing  the  five  above  mentioned  families. 


THE  ATMOSPHERIC  DEPOSITION  OF  ORGANIC  CARBON  FROM  STATIONS  SURROUNDING 
CHESAPEAKE  BAY.  D. J.  Vel insky  *,  Dept,  of  Oceanography,  Old  Dominion  Univ., 
Norfolk,  VA  23508,  and  T.L.  Wade  *,  Dept,  of  Oceanography,  Texas  A8iM  Univ., 
College  Station,  TX  77843.  The  organic  carbon  content  of  wet  and  bulk 
deposition  were  measured  from  February  thru  December  1981  at  four  stations 
surrounding  Chesapeake  Bay.  Organic  carbon  is  removed  from  the  atmosphere  in 
association  with  wet  and  dry  deposition.  A  slight  seasonal  trend  was  noted  in 
the  wet  deposition  rate.  Average  deposition  rates  during  the  summer  months 
(0.67  gC/m'^-month)  were  approximately  twice  as  high  then  winter  deposition 
rates.  Regional  yearly  wet  and  dry  depositional  ptes  were  approximately  equal, 
with  a  total  yearly  deposition  rate  of  11.3  gC/m'^-yr.  Atmospheric  deposition 
provides  an  important  flux  of  organic  carbon  to  Chesapeake  Bay,  and  must  be 
considered  if  biogeochemical  cycles  are  to  be  fully  understood. 
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TECTONIC  IMPLICATIONS  OF  FLUVIAL  LANDFORMS  AND  SEDIMENTS  ON  THE  COASTAL  PLAIN 
OF  SOUTHWEST  COLOMBIA.  M.U  BABUIN,  G.R.  Whittecar,  and  D.A.  Darby,  Dept,  of 
Geol .  Sci.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Quaternary  tectonism 
strongly  influences  landforms  and  patterns  of  fluvial  sedimentation  west  of  the 
Colombian  Andes  along  the  Rio  Magui  and  Rio  Patia.  A  high-gradient  braided 
stream  (ancestral  Rio  Patia)  deposited  very  coarse-grained  gravels  in  fans  at 
the  toe  of  the  Cordillera  Occidental;  radiocarbon  dates  suggest  the  fan-forming 
uplift(?)  occurred  during  the  Pleistocene.  Holocene(?)  anticlinal  uplift  across 
a  segment  of  the  Rio  Patia  near  the  coast  has  induced  slow  aggradation  of  up¬ 
stream  levees  and  the  formation  of  dendritic  lakes  in  small  tributary  valleys. 
Dendritic  lakes  plus  anomalous  trends  in  levee  sedimentation  also  exist  along 
large  tributary  valleys  such  as  the  Rio  Magui.  Upstream  progradation  of  the 
effects  of  uplift  occurs  by  slope  reduction  and  hydraulic  ponding  of  tributaries 
during  floods.  Lateral  extent  and  influence  of  the  hydraulic  ponding  effects 
are  controlled  by  stream  profiles  developed  prior  to  this  Holocene  uplift. 

CLAY  MINERALOGY  OF  SELECTED  RESIDUAL  SOILS  IN  FAIRFAX  COUNTY,  VIRGINIA.  Margery 
Bugen,  Dept,  of  Geol.,  James  Madison  U.,  Harrisonburg,  VA  22807.  Several  resi¬ 
dual  soils  in  Fairfax  County  were  sampled  to  study  the  relationships  of  the  in¬ 
cluded  clay  minerals  to  the  parent  rocks.  Soils  over  igneous,  metamorphic,  and 
Triassic-Jurassic  sedimentary  rocks  were  included.  Nine  sites  were  sampled  over 
quartz  sericite  schist,  two  over  Triassic  hornfels,  and  one  each  over  granite 
gneiss,  greenstone,  conglomerate,  and  diabase.  Standard  methods  were  used  to 
separate  the  clay  fractions  and  clay  minerals  were  identified  by  X-ray  diffrac¬ 
tion.  The  following  results  were  found:  1.  Clay  mineralogy  was  found  to  be  af¬ 
fected  by  parent  rocks  in  a  predictable  manner.  2.  Each  well  drained  soil  con¬ 
tains  vermiculite  and  kaolinite,  while  each  poorly  drained  soil  contains  these 
minerals  and  il  1  ite-smectite.  3.  II 1  ite-smectite  appears-'to  form  readily  in  a- 
reas  of  poor  drainage  where  reducing  conditions  tend  to  prevail.  Areas  of  ex¬ 
cessive  drainage  are  dominated  by  vermiculite  and  kaolinite.  4.  Variations  in 
the  clay  mineralogy  of  soils  over  identical  bedrock  appear  to  be  influenced  by 
the  degree  of  profile  development  (or  maturity)  which  is  in  turn  related  to 
slope  and  the  rate  of  erosion.  5.  Poorly  drained  soils  over  diabase  result  in 
a  complex,  immature  suite  of  clay  minerals  which  are  often  difficult  to  identi¬ 
fy  by  X-ray  diffraction. 


THE  EFFECT  OF  LAGOONAL  CHARACTERISTICS  ON  THE  TRANSGRESSIVE  NATURE  OF  METOMPKIN 
ISLAND,  VA.  Mark  R.  Byrnes  and  Kathryn  J.  Gingerich,  Dept,  of  Oceanography, 
Old  Dominion  University,  Norfolk,  VA  23508 

Historical  shoreline  position  change  maps  illustrate  a  rapidly  transgressing 
shoreline  for  the  Metompkin  barrier  island  complex  over  the  past  130  years. 
Between  1852  and  1955,  the  island  retreated  as  a  single  barrier  at  an  average 
rate  of  4.7  m/yr.  Numerous  high  energy  events  (hurricanes)  battered  the  subdued 
bay-backed  southern  shoreline  of  Metompkin  Island  from  1955  to  1963,  creating 
many  inlet  breaches.  Subsequent  retrogradation  of  southern  Metompkin  Island 
approximately  tripled  during  this  time  to  14.3  m/yr,  while  northern  Metompkin 
exhibited  only  a  slight  increase  to  5.4  m/yr.  From  1963  to  1981,  the  average 
rate  of  differential  landward  migration  increased  to  a  bay-backed  to  marsh- 
backed  shoreline  ratio  of  2.8. 

Historic  shoreline  trends  suggest  that  the  marsh  backing  northern  Metompkin 
Island  acts  as  a  relatively  stable,  elevated  surface  for  overwashed  sand  to  rest 
on,  while  the  shallow  bay  backing  southern  Metompkin  provides  little  subaerial 
support  for  washover  deposits,  creating  an  easily  breached,  subdued  island 
surface.  Marsh  outcropping  in  the  surf  zone  may  also  act  as  a  buffer  to  wave 
energy,  further  protecting  the  northern  portion  of  the  island. 
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THE  USE  OF  MN-FE  OXIDE  COATINGS  ON  COARSE  STREAM  ALLUVIUM  IN  RECONNAISSANCE  GEO¬ 
CHEMICAL  EXPLORATION.  Valerie  L.  Carney^  and  Gene  D.  Robinson,  Geol .  Dept., 
James  Madison  Unlv.,  Harrisonburg,  Va.  22807.  Coatings  of  Mn-Fe  oxide  on  coarse 
stream  alluvium  have  been  shown  In  previous  studies  to  contain  anomalous  concen¬ 
trations  of  several  metals  near  oxidizing  sulfide  deposits.  Much  of  the  trace 
metal  Is  associated  with  Mn-oxlde  and  organic  components  of  the  coatings. 

Alluvial  pebbles  were  collected  from  56  sites  In  the  central  Virginia  pied¬ 
mont  near  Anderson vllle  at  a  density  of  ~1  sample/5  km2 .  All  sampled  streams 
drain  the  upper  unit  of  the  Chopawamsic  formation,  but  sample  locations  were 
random  with  respect  to  known  sulfide  prospects.  Concentrations  of  Cu,  Zn,  Mn, 
and  Fe  were  determined  after  non-sequent ial  immersions  of  the  pebbles  in  hydro- 
xylamine  hydrochloride  (HXl,  dissolves  Mn-oxides)  and  10%  H2O2  (dissolves 
organic  components) . 

Using  ratioed  data,  both  extractions  detect  several  known  sulfide  zones. 

The  greatest  anomaly  contrast  (625)  results  from  Zn/Mn  (H2O2) ,  but  Cu/Mi  and 
Cu/Fe  (HXl)  delineate  more  of  the  known  sulfide  prospects  (2/3  to  3/4  respec¬ 
tively  of  these  ratios  which  are  above  the  mean  values  are  associated  with  sul¬ 
fide  zones) .  Other  potential  sources  of  trace  metal  are  near  almost  all  of  the 
remaining  HXl  Cu/lfa  and  Cu/Fe  samples  with  values  greater  than  the  mean. 


MAGNETIC  AND  PETROGRAPHIC  CORRELATION  OP  THE  SABOT  AMPHIBOLITE 
ACROSS  THE  STATE  FARM  ANTIFORM,  VIRGINIA.  David  A,  Gardner*,  Dept, 
of  Geo., Col.  of  William  &  Mary,  Williamsburg,  Va.“T31B^.  Magnetic 
and  petrographic  studies  of  the  Sabot  Amphibolite  in  the  central 
Piedmont  of  Virginia  west  of  Richmond  show  that  the  unit  may  be 
correlated  across  the  State  Farm  Antiform.  Coincident  with  the 
Sabot  Amphibolite  is  a  magnetic  anomaly  on  the  Powhatan  and  Midlo¬ 
thian  15’  Aeromagnetic  Contour  Maps.  This  unit's  ground  magnetic 
signature  is  distinct  and  may  be  used  for  correlation  along  strike 
and  across  the  antiform.  The  magnetic  signature  suggests  that  the 
magnetic  minerals  responsible  for  the  anomaly  are  concentrated  in 
discrete  zones  that  are  parallel  to  foliation.  Across  the  State 
Farm  Antiform  the  limbs  of  the  amphibolite  unit  are  petrographi- 
cally  similar  and  may  be  correlated.  Petrographic  data  suggests 
that  the  unit  has  been  metamorphosed  to  the  amphibolite  facies 
with  some  subsequent  local  retrograde  metamorphism  that  is  most 
intense  along  discrete  shear  zones.  The  opaque  minerals  inter¬ 
preted  to  be  the  source  of  the  magnetic  anomalies  are  believed  to 
have  been  formed  during  retrogression  along  these  shear  zones. 


A  GROUNDWATER  SYSTEM  ANALYSIS  OF  LEACHATE  PRODUCTION  AND  MIGRATION 
IN  THE  CHESTER  LANDFILL,  CHESTERFIELD  CO.,  VA.  Mary  Kay  Gorman* . 
Dept,  of  Geology,  Col.  of  VJilliam  and  Mary,  Williamsburg,  Va.  , 
23I85.  The  Chester  Landfill,  located  0.5  mile  off  Virginia  Route 
10  near  Chester,  Virginia,  has  been  operating  since  1978  and  is 
scheduled  to  be  closed  in  1985.  The  landfill  is  cut  into  silt 
and  fine  sand  of  the  Yorktown  Formation.  The  Yorktown  rests  on 
a  saprolite  of  the  Petersburg  Granite.  Eight  piezometers  were 
installed  on  the  northeast  perimeter  and  environs  of  the  landfill 
in  order  to  determine  the  configuration  of  the  water  table  and 
the  quality  of  the  groundwater.  These  indicate  that  leachate 
from  the  landfill  is  migrating  to  the  northeast  and  is  attenuating 
within  500  feet  of  the  pit. 
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A  COMPARISON  OF  PARTIAL  CHEMICAL  EXTRACTIONS  IN  RECONNAISSANCE  STREAM  SEDIMENT 
SURVEYS.  Karen  L.  Healey*  and  Gene  D.  Robinson,  Geol .  Dept.,  James  Madison 
Univ.,  Harrisonburg,  Va.  22807.  Reconnaissance  stream  sediment  surveys  in  the 
Virginia  piedmont  often  do  not  detect  small  sulfide  bodies  and  the  anomalies 
which  are  detected  tend  to  be  low-level.  The  potential  utilization  of  partial 
extractions  and  ratioed  data  in  such  surveys  is  investigated  in  the  present 
study. 

Pine-grained  stream  sediment  was  collected  from  60  sites  near  Andersonville 
in  the  central  Virginia  piedmont  at  a  sample  density  of  ~1  sample/5  km^ .  Sam¬ 
ple  locations  were  restricted  to  streams  draining  the  upper  portion  of  the 
Chopawamsic  formation  and  were  randomly  chosen  with  respect  to  known  sulfides. 
The  Mn-  and  Fe-oxide  fractions  of  minus  80-mesh  material  (mainly  coatings)  were 
selectively  dissolved  using  hydroxylamine  hydrochloride  (HXl)  and  1:1  HCl  and 
Cu,  Zn,  Ag,  Mn,  and  Fe  determined  in  the  extracts. 

Among  the  non-ratioed  data,  Zn  and  Fe  (HCl)  most  clearly  delineate  known 
prospects  but  the  maximum  anomaly  contrast  is  low  (22  and  14  respectively)  and 
only  a  few  samples  are  clearly  anomalous  .  A  greater  anomaly  contrast  (45)  results 
from  Zn/Mn  ratios  (HCl)  but  still  only  a  few  samples  are  anomalous.  More  anoma¬ 
lies  are  identified  from  Zn/Fe  ratios  (HXl)  but  the  anomaly  contrast  is  only  8. 


DIFFERENTIATION  OF  THREE  AEOLIAN  SUBENVIRONMENTS  BY 'GRAIN  SIZE  PARAMETERS,  CAPE 
HENLOPEN,  DELAWARE,  Anne  V,  Hiller^'  Dept,  of  Geol.,  College  of  William  and 
Mary,  Williamsburg,  VA  23185.  Near-surface  samples  were  taken  from  traverses 
across  three  sets  of  dunes  at  Cape  Henlopen,  DE,  The  traverses  were  two  across 
a  north-south  oriented  dune  ridge  facing  the  Atlantic  Ocean  at  Whiskey  Beach; 
two  east-west  across  the  dunefield  on  Cape  Henlopen  spit;  and  one  north-south 
across  the  migrating  section  of  the  Great  Dune,  a  transverse  dune  oriented  east- 
west  and  perpendicular  to  the  Atlantic,  At  Whiskey  Beach  mean  grain  size  de¬ 
creased  from  the  toe  to  the  crest  of  the  dune  ridge  up  the  windward  side,  Down 
the  leeward  side  the  grain  size  increased  slightly.  The  dunes  on  either  side  of 
Cape  Henlopen  spit  showed  an  increase  in  mean  grain  size  up  the  water  side  of  the 
dunes  and  a  decrease  in  size  down  the  inward  sides,  A  slight  increase  in  grain 
size  occurred  up  the  windward  side  of  the  Great  Dune  with  a  decrease  in  grain 
size  down  the  leeward  side.  The  differences  in  mean  grain  size  trends  appear  to 
be  caused  by  differences  in  prevailing  wind  direction,  presence  or  absence  of 
vegetation  and  distance  from  the  beach  face.  Grain  size  can  be  used  to  disting¬ 
uish  between  some  coastal  aeolian  subenvironments. 

FACTORS  CONTROLLING  THE  DEVELOPMENT  OF  SINKHOLES  IN  CENTRAL  SHENANDOAH  COUNTY 
VIRGINIA.  Douglas  R.  Hunter*,  Dept,  of  Geol.,  James  Madison  Univ.,  Harrisonburg, 
VA.  22807.  Central  Shenandoah  County  Virginia  offers  an  ideal  area  for  the  study 
of  the  factors  controlling  sinkhole  development.  Using  the  Conicville  and  Edin¬ 
burg  topographic  maps,  sinkholes  were  located  on  aerial  photographs  and  their 
positions  were  then  plotted  at  the  appropriate  location  on  each  quadrangle.  Data 
recorded  for  each  sinkhole  Included  the  formation  it  occurred  over,  the  presence 
or  absence  of  overlying  talus,  its  elevation,  its  distance  from  the  Shenandoah 
River,  and  the  size  of  the  sinkhole.  All  of  this  information  was  analyzed  for 
possible  factors  Influencing  sinkhole  location  and  development.  The  results  were 
as  follows:  1)  Areas  near  the  Shenandoah  river  were  found  to  contain  the  greatest 
concentration  of  sinkholes  per  unit  area.  2)  Only  the  New  Market  formation  con¬ 
tains  significantly  more  sinkholes  per  unit  area  then  the  other  formations  in  the 
study  area.  3)  Topographically  high  areas  tend  to  have  a  greater  potential  for 
sinkhole  development.  4)  Zones  of  axial  plane  cleavage  associated  with  anticlinal 
structures,  are  marked  by  linear  concentrations  of  sinkholes  at  several  locations 
in  the  study  area.  It  was  concluded  that  delineation  and  protection  of  the  most 
sinkhole  prone  areas  might  minimize  groundwater  degradation  and  foundation 
problems  likely  to  result  in  the  future. 
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HEAVY  METAL  CONCENTRATIONS  IN  SOIL  RECEIVING  REPEATED  APPLICATIONS  OF  SEWAGE 
SLUDGE.  Daniel  Jackson*  and  Linda  Roberts*,  Dept,  of  Geol.,  James  Madison 
Uhiv. ,  Harrisonburg,  Va.  22807.  A  12  acre  field  of  residual  limestone  soil 
southeast  of  Harrisonburg,  Va.  has  received  periodic  applications  of  sewage 
sludge  over  a  period  of  5  years.  In  order  to  investigate  the  extent  of  heavy 
metal  buildup  in  the  soil,  10  shallow  pits  were  excavated  and  soil  samples 
taken  at  4  inch  and  12  inch  depths.  Reference  samples  were  taken  nearby  from 
similar  soil  which  had  not  received  sludge.  All  samples  were  digested  in  hot 
HNO3,  and  the  filtrates  analysed  by  atomic  absorption  for  Cd,  Ni,  Cu,  and  Zn. 
Results  were  as  follows:  1)  In  the  reference  soil  all  metals  were  found  to  be 
higher  at  the  clay-rich  12  in.  depth  than  at  h  in.  2)  Cd  and  Ni  levels  showed 
no  significant  difference  when  sludged  and  reference  soils  were  compared. 

3)  Cu  and  Zn  showed  significantly  higher  concentrations  In  the  sludged  soils  at 
both  the  4  in.  and  12  in.  depths.  Average  Cu  concentrations  (in  ppm)  were  45.1 
vs  14.3  at  4  Inches  and  28.5  vs  21.5  at  12  Inches  for  sludged  and  unsludged 
soils  respectively.  For  Zn  the  values  were  77.4  vs  19.0  at  4  Inches  and  72.4 
vs  30.5  at  12  inches.  4)  Downslope  levels  in  each  case  were  found  to  be  higher 
than  those  upslope  indicating  a  significant  amount  of  flowage  of  the  liquid 
sludge  during  application. 

THE  VERTICAL  DISTRIBUTION  OF  HEAVY  MINERALS  ON  SMIIH  ISLAND,  EAST¬ 
ERN  SHORE,  VIRGINIA.  Milton  L«  Johnston ,  Dept,  of  Geol.,  Col.  6f 
William  and  Mary,  Williamsburg,  Va.  23185.  The  sediments  of  the  2 
to  3  phi  size  fraction  in  two  cores  talcen  from  Smith  Island,  East-; 
ern  Shore,  Virginia  were  analyzed  for  their  vertical  disMbution  of 
heavy  minerals.  The  main  objectives  of  the  study  were  to  1)  char¬ 
acterize  the  heavy  mineral  assemblage,  2)  determine  a  possible 
source  area  and  whether  there  has  been  a  change  in  source  area  over 
time,  and  3)  determine  if  the  environment  of  deposition  has  affect® 
ed  the  relative  frequency  of  a  heavy  mineral.  The  heavy  minerals 
of  the  2  to  3  phi  size  fraction  comprise  a  very  small  percentage  of 
the  total  sample  weight.  The  cores  are  characterized  by  an  epidote 
-garnet-hornblende  heavy  mineral  suite.  To  a  lesser  degree  byanite 
rutile,  tourmaline,  ziccon,  and  opaques  are  dominant.  The  heavy 
mineral  assemblage  points  to  an  original  Piedmont  source  area  that 
has  not  changed  over  time.  Statistical  analysis  also  suggests 
that  the  environment  o-f  deposition  has  played  a  bey  role  in  the 
relative  frequency  that  a  heavy  mineral  is  found. 

COMPUTER  DATABASES  AS  TEACHING  AIDS  IN  PALEONTOLOGY.  Peter  ^ 
Klmmel ,  Dept,  of  Geology,  George  Mason  Univ.,  Fairfax,  VA  22030, 
Computers  and  computerized  databases  can  aid  in  teaching 
paleontology  in  several  ways.  Large  commercial  databases  such  as 
Georef  can  help  students  find  sources  for  information  on  topics 
that  are  not  dealt  with  in  published  bibliographies.  Smaller, 
more  specific,  databases  can  be  created  on  microcomputers  to 
store  smaller  data  sets  such  as  bibliographies  for  class 
projects,  data  from  measured  sections,  and  data  from  fossil 
collections.  The  Fossils  database,  which  was  created  using  DBase 
II  on  an  Apple  lie  and  an  IBM  PC,  can  be  used  to  manage  teaching 
collections  and  to  generate  faunal  diversity  and  similarity 
indexes  based  on  data  that  students  can  collect  and  store.  A 
related  database,  Taxonomy,  is  used  In  computer  assisted 
instruction  on  taxonomic  hierarchies.  The  controlling  programs 
for  these  databases  can  be  displayed  and  modified  to  demonstrate 
the  use  of  computer  programming  In  the  course. 
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COMPUTER  ANALYSIS  OF  LINEAMENT  PATTERNS  IN  THE  RICHMOND  TRIASSIC  BASIN.  Richard 
D .  Lutz*  &  Ramesh  Venkatakrishnan ,  Dept,  of  Geol .  Sci.,  Old  Dominion  Univ., Nor¬ 
folk,  Va.  23508,  A  lineament  study  from  various  sources  was  conducted  to  devel¬ 
op  a  tectonic  model  for  the  Richmond  Triassic  basin  area.  The  procedure  in¬ 
volved  mapping  at  different  scales:  Color  infrared  U-2  photos  (1:130,000), 
Landsat  MSS  images  (1:1,000,000),  and  rectified  drainage  maps  (1:250,000).  Lin¬ 
eaments  were  digitized  and  subjected  to  a  correlation  package  that  compared  sta¬ 
tistically  significant  peaks  within  5  mi.  square  grid  cells.  Spatially  filtered 
10  degree  trends  were  contoured  to  obtain  lineament  zones.  These  zones  were 
compared  to  mapped  structrues,  outcrop  patterns,  diabase  dikes,  and  aeromagnet- 
ic  alignments.  Correlation  of  lineament  zones  with  mapped  structures  and  geo¬ 
physical  gradients  strongly  support  the  interpretation  that  they  represent  the 
surface  expressions  of  boundaries  of  subsurface  structural  domains.  Lineament, 
zones  correlated  well  with  both  the  N10-20W  trend  of  the  diabase  dikes,  and  the 
N70-80W  trend  of  the  inferred  Norfolk  fracture  zone.  The  eastern  margin  of  the 
basin  is  cut  by  N60-70E  trending  lineament  zones  that  segment  the  basin  into 
discrete  blocks.  High  correlation  of  lineament  patterns  from  Petersburg  gran¬ 
ite  to  those  of  the  coastal  plain  onlap  suggest  a  relationship  of  these  patterns 
to  Cenozoic  reactivation  of  preexisting  fractures  at  depth. 


LEACHATE  MIGRATION  PROBLEMS  AT  A  HENRICO  COUNTY  LANDFILL:  Victoria  B.  Martinez 
Henrico  County  Landfill  Number  3  (Charles  City  Road)  is  located  in  the  eastern 
portion  of  Henrico  County,  Virginia,  which  lies  in  the  Atlantic  Coastal  Plain 
province  of  Virginia.  The  landfill  lies  in  the  lower  Bacons  Castle  Formation, 
which  acts  as  an  aquifer,  and  is  floored  by  the  upper  Eastover  Formation,  which 
acts  as  a  confining  bed.  Laboratory  testing  indicated  that  glauconitic  silt 
used  at  the  landfill  is  effective  in  removing  selected  elements  from  landfill 
leachate.  Piezimeters  were  monitered  for  groundwater  static  levels  and  water 
samples  were  analyzed  to  check  the  effectiveness  of  a  glauconite  groundwater 
"filter"  emplaced  by  Henrico  County.  The  glauconite  appears  to  be  effective, 
chemically.  However,  the  groundwater  appears  to  be  circumventing  the  filter 
due  to  diffrential  permeabilities  of  it  and  surrounding  material  and/or  a 
slightly  different  direction  of  flow  than  anticipated. 

THE  GEOCHEMISTRY  AND  PALEOENVIRONMENT  OF  COALS  IN  THE  LOWER  PART  OF  THE  WISE 
FORMATION, SOUTHWEST  VIRGINIA,  Jack  E.  Nolde,  Virginia  Division  of  Mineral 
Resources,  Johnson  Center,  468  E.  Main  Street,  Abingdon,  Virginia  24210 

The  peats  of  the  Dorchester,  Lyons,  Blair,  Clintwood,  and  Imboden  coal  beds 
were  formed  on  an  ancient,  lower-delta  plain  along  river  floodplains  and 
interdistributary  bays.  Occasionally  these  areas  of  peat  accumulation  were 
flooded  by  fresh  and  marine  waters.  This  influx  of  waters  had  an  affect  on  the 
geochemistry  of  the  peats  and  associated  sediments. 

As  an  aid  in  paleoenvironmental  interpretation,  the  geochemical  analyses  of 
percent  ash,  six  major  and  eleven  trace  elements,  and  three  forms  of  sulfur  on 
125  coal  samples  were  subjected  to  R-mode  cluster  analysis.  Four  geochemical 
clusters  resulted  from  this  analysis,  1)  clay  mineral  interactions  (Al,  Si,  K, 
and  Mg-oxide,  V,  S04,  ash),  2)  pyrite  formation  (Fe-oxide,  S2,  organic  S) ,  3) 
carbonate  mineral  formation  (Ca-oxide,  Mn,  Sr,  RB) ,and  4)  organo-metallic 
interactions  (C,  H,  Co,  Cu,  Ga,  Ge,  Ni,  Pb,  and  U). 

PENNSYLVANIAN  COAL  BEDS  IN  VIRGINIA— A  CORRELATION  CHART,  Jack  E.  Nolde , Virginia 
Division  of  Mineral  Resources,  Johnson  Center,  468  E.  Main  St.,  Abingdon, 
Virginia  24210. 

The  historical  development  of  classification  schemes  for  the  Pennsylvanian 
rocks  of  Virginia  can  be  traced  from  the  later  part  of  the  19th  Century,  when 
emphasis  was  given  to  lithologic  characteristics,  to  a  classification  based  on 
economically  significant  coal  beds  and  on  certain  key  beds  in  current  usage  by 
the  Virginia  Division  of  Mineral  Resources.  Six  detailed  stratigraphic  columns, 
arranged  in  order  from  southwest  to  northeast  are  utilized  in  the  chart. 

Several  key  rock  units  and  coal  beds  are;  1)  the  Pocahontas  No.  3  coal, 

2)  the  War  Creek  coal,  3)  the  Bee  Rock  Sandstone  Member,  4)  Kennedy  coal,  5) 
the  Gladeville  Sandstone,  6)  Imboden  coal,  7)  Taggart  Marker  coal,  8)  Kendrick 
Shale  Member,  9)  Phillips  coal,  10)  the  Magoffin  Member,  and  10)  the  High  Splint 
coal. 
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GEOLOGY  OF  THE  FALL  ZONE  AROUND  METROPOLITAN  WASHINGTON, D. C. :  ^VISITED 
James  V .  0 ^ Connor ,  Dept,  of  Environmental  Science,  Univ,  of  D.C,WasMngton,D.C, 
2000b.  Reread!^  the  observations  and  Interpretations  of  the  Pall  Zone  pioneers 
— -KeithsDarton, Hobbs jWentworth, Campbell, and  Cooke»-  is  both  critical  and  re¬ 
warding,  However,  recent  Metro  subway  and  hl^  rise  construction  provide  new 
geological  data  for  the  Washln.gtonjD.C.  region  and  that  stimulates  renewed 
Interest  in  fall  zone  geomorpholo©r.  Coastal  Plain  sedimentary  history, and 
Piedmont  tectonics.  This  new  data  both  supports  some  of  the  earlier  hypotheses 
and  suggests  new  ones.  For  example,  reverse  fault  systems, slivers  of  suspect 
terranes,  and  joint  systen  mapping  yield  new  insights  into  geologic  time 
sequencing.  As  another  exanple,  chemical  analyses  of  soils,  saprollte,  and  rock 
shed  new  ll^t  on  the  exposure  of  the  Piedmont  surface  and  the  fluvial  or 
marine  landscapes  of  the  Coastal  Plain*  In  addition,  assessment  of  spring 
origins  and  groundwater  flow  patterns  reveal  a  lack  of  in-depth  Imowledge  of 
paleo-sedlmentary  niches.  Compilation  and  modeling  of  the  metamorphlc  and 
sedimentary  patterns  in  the  Washington  region  are  critical  to  understanding 
the  theorltical  history  and  engineering  applications. 


Materials  Science 

APPLICATION  OF  GROUP  III--V  SEMICONDUCTOR  EPITAXY  TO  AN  OLD  PROBLEM: 
THE  CASE  HISTORY  OF  PHOTOCATHODES  TO  NIGHT  VISION  (Invited  Paper) . 

A . Amith* ITT-EOPD j Roano ke , VA » 24 01 9 .  Following  a  brief  review  of  the 
's'c  ienc  e~"  &  technology  of  pho  t  o  em  is  s  ion  from  metals  and  alloys  with 
oxy-ceslated  surfaces^the  phenomenon  of  * n ega t ive~ el ec tr on-a f f in  it y 
semiconductors  Is  introduced  and  explalned.lt  is  placed  in  the  con¬ 
text  of  the  requirement  that  the  semiconductor  be  heavily  doped  p- 
type.The  * thr ee-step-model ’  is  then  d e s cr lb ed : g en er a t ion  of  photo¬ 
electrons  by  light,  their  diffusion  to  the  emitting  surface, and 
their  escape  probability  theref rom . Parameter s  affecting  that  proba¬ 
bility  are  detailedjand  the  importance  of  low  surface  recombination 
at  the  Illuminated  face  is  demonstrated . The  crystalline  identity  of 
GaAlAs  with  GaAs  and  their  lattice  match  are  shown  to  lie  at  the 
heart  of  the  former’s  use  as  surface  passivator  of  the  GaAs  photo¬ 
cathode. The  role  of  GaAlAs  as  a  short  X  filter  is  also  shown, based 
on  its  wider  bandgap.The  epitaxial  growth  of  alternate  layers  of 
t.*?^  two  is  described  and  explained,  followed  by  the  bonding  of  that 
structure  to  a  glass  f a c e-pl a t e . The  subsequent  alternate  chemical 
etching  results  in  the  final  structure:  glass/GaAlAs /GaAs . 

STRESS-CORROSION  CRACKING  OF  A  TITANIUM  ALLOY  IN  CARBON  TETRACHLORIDE. 

R.  A.  Bayles,  Code  6312,  Naval  Research  Laboratory,  Washington,  DC  20375-5000. 
Stress-corrosion  cracking  (SCC)  of  Ti-SAl-lMo-l V  occurs  In  salt-water  which  is  a 
hydrogen-containing  environment  and  a  hydrogen  mechanism  is  commonly  used  to 
explain  this  cracking.  SCC  occurs  In  carbon  tetrachloride,  which  is  relatively 
hydrogen-free,  at  similar  stress  levels  with  similar  fracture  surface  appear¬ 
ance.  A  study  is  described  which  uses  the  slw  strain  rate  technique  with 
notched  and  fatigue  precracked,  cantilever  bend  specimens  to  coi^are  SCC  in 
these  two  environments  in  order  to  clarify  the  cracking  mechanics*  Fracture 
mechanics  calculations  define  the  stress  intensities  and  a  co^uterized  data 
acquisition  system  monitors  the  experiments.  The  stress  intensity  at  which 
cracking  Initiates  from  the  precrack  and  an  indication  of  the  crack,  growth  rate 
are  shown  graphically*  An  electron  microscope  is  used  to  examine  the  fracture 
surfaces  In  detail.  Cross-sections  are  examined  to  show  the  craA  path. 
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THE  EFFECTS  OF  CARBIDE  MORPHOLOGY  ON  THE  TENSILE  AND  FATIGUE  PROPERTIES  OF' 
Fe-C-Mo  DUAL-PHASE  STEELS.  J.H.  Beatty*,  G.  J.  Shiflet,  K.V.  Jata,  Dept,  of 
Materials  Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  Dual-phase 
microstructures  consisting  of  ferrite  with  Mo  C  carbides  surrounding  equi-axed 
martensite  colonies  have  been  developed  in  two  alloys,  Fe-0.2C-4Mo  and 
Fe-0.2C-2Mo.  These  alloys  were  chosen  due  to  the  presence  of  two  distinct 
carbide  morphologies;  1)  a  needle-shaped  interphase  carbide  structure,  and  2)  a 
fibrous  carbide  structure.  Isothermal  transformations  were  used  to  control  the 
carbide  morphology  and  produce  the  dual-phase  microstructures.  Mechanical 
evaluation  of  these  microstructures  has  included  cyclic  and  monotonic  behavior. 
The  dislocation  structures  of  tensile  and  low  cycle  fatigue  specimens  have  been 
characterized  using  TEM  studies.  Work  has  been  done  to  establish  mechanisms 
for  fatigue  behavior  in  these  microstructures.  (Research  supported  by  the  U.S, 
Department  of  Energy  under  contract  #  DE-FG05-85ER45181 ,  Stanley  M.  Wolf, 
Program  Manager. 

INDUSTRIAL  APPLICATIONS  OF  XPS.  J.  I.  Bennetch,  Metallurgy  Lab.,  Reynolds  Metals 
Co.,  Richmond,  Va.  23261.  As  advances  in  technology  continue  to  progress 
rapidly,  the  requirements  to  support  technology  becomes  more  and  more  demanding. 
One  of  the  requirements  in  the  aluminum  industry  is  the  necessity  for  clean, 
uniformly  coated  surfaces.  Older  visual  techniques  are  no  longer  sufficient  to 
monitor  surface  quality.  Instead,  newer,  more  sophisticated  techniques  must  be 
employed,  including  those  that  are  sensitive  to  only  the  top  few  atomic  layers. 
One  such  method  is  x-ray  photoelectron  spectroscopy  (XPS) ,  alternatively  known 
as  electron  spectroscopy  for  chemical  analysis  (ESCA) .  The  spectometer  used  in 
XPS  or  ESCA  is  typically  able  to  qualify  small  concentration  differences  (0.1% 
or  less)  in  the  top  20-30  Angstroms.  By  this  means,  surface  contaminants  on 
both  conducting  and  nonconducting  surfaces  can  be  characterized  (their  elemental 
make-up  along  with  some  chemical  bonding  information) .  Depth  profiling  through 
surface  films  to  interfaces,  both  nondestructive  and  destructive,  is  also 
possible  by  use  of  XPS,  enabling  one  to  investigate  variations  in  composition 
with  depth.  A  brief  discussion  of  the  principles,  limitations  and  applications 
of  ESCA  follows. 

TH.PERATURE  RISE  AT  FRACTURE  IN  TWO  TITANIUIVI  ALLOYS.  J.  Daniel  Bryant, 

David  D.  r<fekel  aid  Heinz  G.  F.  Wilsdorf,  Dept,  of  Mterials  Science, 

Ifriiversity  of  Virginia,  Charlottesville,  Va.  22901.  Using  cross- head  speeds 
of  up  to  0.25  r/s»  tensile  specimens  of  Ti-8Mn  and  Ti-10V-2Fe-3Al  were 
strained  to  lYacture.  An  investigation  of  ftracture  surfaces  by  scanning 
electron  microscopy  revealed  a  transition  in  fracture  surface  topography  with 
increasing  crack  velocity.  IMusual  features  consisting  of  apparently  frozen 
droplets  of  molten  metal  at  the  rim  of  dimples  were  seen  within  the  shear  lip 
of  the  specimens.  A  model  was  proposed  to  e3q)lain  the  apparent  rise  in 
ten^rature  of  the  material  at  the  head  of  the  moving  crack.  In  the  proposed 
model  three  stages  were  distinguished;  (i)  uniform  deformation  before 
necking}  (ii)  tenperature  rise  within  the  plastic  zone  using  continuum 
theory}  (iii)  adiabatic  heating  of  micro- li^ments  on  final  separation. 

Since  the  titardum  alloys  investi^ted  have  a  hi^  yield  stress,  low  thermal 
conductivity  and  hi^  stress  intensity  factors,  the  calculations  yielded 
temperatures  above  the  melting  point  for  reasonable  crack  speeds. 
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KINETIC  ASPECTS  OF  ELECTRIC  POLARIZATION  IN  FERROELECTRIC  POLYMERS.  R.  E. 
Barker,  Jr.,  K. W.  Campbell,*  and  C.  C  Huang,  Dept,  of  Materials  Science,  Unlv. 
of  Virginia,  Charlottesville,  VA  22901.  The  Johnson-Mehl-Avraml  (JMA) 
treatment  of  crystallization  kinetics  is  modified  In  order  to  investigate  the 
nucleatlon  and  growth  of  polarized  domains  in  ferroelectric  materials. 
Literature  values  of  data  for  polyvinylldene  fluoride  (PVF  )  are  then  used  to 
estimate  values  for  the  JMA  constant  m  which  gives  informacion  about  the  type 
of  nucleatlon,  the  growth  geometry,  and  the  growth  controlling  process.  The 
value  of  m  is  found  to  be  between  1  and  1.6  in  the  relation 

ln[-ln[(P  “P  )/(P  ”P  )]  =  In  K  +  n  In  t  where  is  the  polarization  at  time  t 

OQ  OO 

since  the  application  of  an  electric  field  under  isothermal  growth  conditions. 
From  the  values  of  m,  the  most  likely  mechanism  for  the  form  of  growth  of 
polarized  domains  is  cylindrical  (fibrillar)  subsequent  to  nucleatlon  on  either 
existing  or  sporadically  formed  nucleatlon  sites.  The  process  is  diffusion- 
less . 

Research  sponsored  by  NASA  Grant  NAG-1-419. 

H I  GH=  RE  SOLUTION  ELECTION  MICROSC»PY  OF  IiffiLT-SPUN  COBALT » FREE 
PERMANENT  MAGNET  MATERIALS .  Roge  r  Pi  ckenson .  Dr.  K.R.  Lawless, 
Dept.  of  Materials  Science,  U.Va.,  Charlottesville,  VA  22901, 
Ra p i d 1 y - qu e nche d  iron-rare  earth-boron  alloys,  with  appropriate 
heat  treatment,  exhibit  commercially  promising  permanent  magnetic 
properties.  An  analytical  electron  microscopy  characterization  was 
undertaken  to  explain  the  origin  of  the  ma gnetic  properties  obser¬ 
ved  in  these  materials.  Ribbons  of  Fe^^Nd^^Bg  and  ^^75^^15^10  were 
prepared  by  me  1 t - s p i nn i n g ,  and  were  subsequently  annealed  at  700  C 
for  5-6  minutes.  Three  different  mi c r o s t r u c t u r e s  were  observed  in 
both  alloys.  The  samples  consisted  primarily  of  equiaxed  grains, 
— lOOnm  in  size,  identified  as  the  permanent  magnetic  phase 
Fe  RE^Bj  (RE=Nd  or  Pr).  This  phase  was  characteristically  free  of 
faults  or  dislocations,  but  unidentified  inclusions  we  re  observed 
at  the  center  of  most  grains.  At  least  two  different  RE-rich  phases 
were  observed,  one  of  which  appears  BCC  with  a=1.14nm.  These  RE- 
rich  phases  are  thought  to  aid  in  the  magnetic  domain  pinning  at 
the  grain  boundaries.  A  heavilily  faulted  phase,  identified  as  the 
magnetically  unimportant  Fe^RE^B^,  was  infrequently  observed. 

TEMPERATURE  FLUCTUATIONS  IN  SEMICONDUCTOR  CRYSTAL  GROWTH  MELTS.  Archibald  L. 
Fripp,  R.  K,  Crouch,  W.  J,  Debnam,  I.  0.  Clark,  NASA  Langley  Research  Center, 
Hampton,  VA  23665,  P.  G.  Barber,*  Longwood  College,  Farmville,  VA  23501,  and 
R.  Simchick,  Kentron  International,  Hampton,  VA  23665.  Analysis  of  cornnosition 
distribution  in  directionally  solidified  Pbx_xSnxTe  predict  that  a  strong 
degree  of  convection  occurs  in  the  liquid  phase  during  crystal  growth.  This 
study  looks  at  a  non-steady  component  of  convection  that  is  manifested  by 
temperature  fluctuations.  The  time  periods  of  fluctutations  are  analyzed  by 
Fourier  analysis  and  are  related  to  growth  features  such  as  etch  patterns, 
ridges  and  micro-variations  in  composition. 
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MECHANISMS  OF  HELIUM  EMBRITTLEMENT  IN  AUSTENITIC  STAINLESS  STEEL.  R.D.  Gerke 
and  W.  A.  Jesser,  Dept.  of  Materials  Science,  Univ.  of  Virginia, 
Charlottesville,  VA  22901.  High  temperature  helium  embrittlement  occurs  only 
at  slow  strain  rates.  Dislocations  dragging  helium  bubbles  to  grain  boundaries 
is  commonly  thought  to  cause  the  embrittlement.  Specimens  tensile  tested  under 
dual  tensile  test  temperatures  exhibited  Intergranular  failure  at  700°C  and 
after  the  tensile  test  was  resumed  at  550°C  changed  to  a  transgranular  failure 
mode,  suggesting  that  the  conditions  for  intergranular  failure  cannot  be  set  up 
under  stress  and  at  elevated  temperature  and  continued  at  a  lower  temperature. 
When  specimens  containing  tiny  bubbles  were  tensile  tested  at  250°  and  450°C 
under  rapid  and  slow  strain  rates,  mixed  mode  failure  (I  +  T)  occurred  under 
all  conditions  suggesting  strain  rate  Insensitive  microstructures  are  possible. 
It  is  proposed  that  a  dynamic  interaction  between  clusters  of  helium  and 
dislocations  occurs  at  high  temperatures  to  finely  distribute  helium-vacancy 
clusters  at  the  grain  boundary  and  initiate  intergranular  failure.  A  critical 
strain  rate  relationship  to  temperature  was  found  to  be  consistent  with  the 
data,  it  is:  ^  ^^10  ^  [-22000/T] )s“^ 


STRUCTURAL  INTEGRITY  OF  HIGH-PERFORMANCE  STRUCTURES.  R.  J.  Goode,  Code  6301, 
Naval  Research  Laboratory,  Washington,  DC  20375-5000,  High-performance  struc¬ 
tures  are  usually  classified  as  weight-critical  structures.  They  are  fabricated 
of  high-strength  metals,  often  operate  in  aggressive  environments,  and  are  more 
costly  to  build  and  maintain  than  more  conventionally  designed  structures.  The 
integrity  of  such  structures  depends  both  on  the  resistance  of  the  structural 
materials  to  propagation  of  cracks  and  resistance  to  fracture, 

Subcrltical  crack  growth  due  to  fatigire,  corrosion  fatigue,  and  stress-corrosion 
cracking,  including  electro-chemical  effects,  and  fracture  of  high-strength 
structural  metals  are  discussed  with  respect  to  material  performance  and  relia¬ 
bility  criteria.  The  wide  ranging  effects  of  metallurgical  factors  on  yield 
strength,  stress-corrosion  cracking,  and  fracture  are  presented  in  a  graphical 
format  called  the  Ratio  Analysis  Diagram  (RAD).  The  RAD  provides  a  combined 
analysis  of  these  aspects  with  engineering  Interpretation  of  critical  crack 
size,  with  concomitant  NDI  capability,  for  the  occurance  of  stress-corrosion 
cracking  and  fracture.  The  influence  of  metallurgical,  environmental,  and 
loading  factors  on  fatigue  is  also  discussed. 


DIFFUSION  IN  POLYMER  FIBER  AND  HOW  IT  APPLIES  TO  THE  IONIC  PORTION  OF  THE 
ELECTRICAL  CONDUCTION.  J. A. Hawk  and  R. E . Ba rker  ,  J r .  ,  Dept,  of  Mat.  Sci.,  Univ. 
of  Va.,  Charlottesville,  Va.  22901.  There  exists  a  relationship  between  the 
diffusion  of  penetrant  molecules  (i.e., water,  benzene,  etc.)  and  ions  (i.e., 

Na"^,  Cl”,  etc.)  into  the  polymer  and  their  subsequent  movement  in  the  polymer 
structure  under  the  application  of  an  electric  field.  We  see  that  the  physical 
and  chemical  structure  of  the  polymer  has  a  direct  bearing  on  the  location  of 
the  penetrant  within  the  polymer.  The  application  of  an  electric  field  sub¬ 
sequently  aids  the  diffusing  ions  by  lowering  the  activation  energy  barrier 
for  diffusion  in  the  direction  of  the  electric  field.  The  movement  of  ions 
thus  contributes  to  the  ionic  portion  of  the  electrical  conductivity.  In  a 
fiber  a  thin,  highly  conducting  surface  layer  has  the  capability  of  transporting 
most  of  the  observed  current.  As  the  conductivity  of  the  surface  layer  de¬ 
creases,  the  thickness  of  the  effective  conducting  layer  increases.  As  such 
conduction  at  or  near  the  surface  of  the  fiber  is  probably  strongly  influenced 
by  the  presence  of  ions.  It  seems  probable  that  the  conduction  in  fibers  is 
a  surface  phenomenon  and  as  such  is  influenced  by  the  quantity  of  trapped  ions. 
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NUCLEATION  THEORY:  STEADY  STATE  AND  KINETIC.  R.A.  Kolvoord'**^  and  R.A.  Johnson, 
Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottesville,  Va.  22903. 

The  steady  state  model  of  Katz  and  Wiedersich^  and  a  kinetic  formulation  of 
homogeneous  vacancy  nucleation  are  compared.  Steady  state  nucleation  rates  are 
computed  for  each  system  and  are  found  to  be  in  agreement.  The  pre-steady  state 
transient  period  is  also  examined  with  the  kinetic  model  and  analytic 
expressions  for  the  amount  of  time  required  to  reach  steady  state  are  derived. 

A  range  .of  conditions  is  found  where  the  kinetic  model  gives  physically 
reasonable  results. 

^  Katz,  J.L.  and  Wiedersich,  H.  Chem.  Phys .  :  33(3)'  1^1^,  1971. 

AN  ANALYTICAL  ELECTRON  MICROSCOPY  CHARACTERIZATION  OF  SINTERED  FE-ND-B 
PERMANENT  MAGNET  MATERIALS.  K.R.  Lawless,  Dept,  of  Materials  Science,  Univ.  of 
Virginia,  Charlottesville,  VA  22901.  Analytical  electron  microscopy  and 
magnetic  measurements  have  been  used  to  characterize  Fe-Nd-B  sintered  alloys. 
The  major  phase  present  was  identified  as  the  tetragonal  Fe^^Nd^B  phase  with 
a  =  0.88  nm  and  c  =  1.218  nm.  These  grains,  which  were  primarily  responsible 
for  the  magnetic  properties,  were  generally  free  of  dislocations  and  faults  but 
contained  very  small  a-Fe  precipitates,  a  heavily  faulted  tetragonal  phase, 
Fe^NdB  ,  with  a  =  0.709  nm  and  c  =  27.4  nm  was  found  in  small  amounts.  At 
least  two  phases  with  50  At.%  or  more  Nd  were  found,  mainly  at  junctions  of 
grains.  One  phase  was  determined  to  be  BCC  with  a  =  1.14  nm.  Regions  of  small 
a-Fe  crystals  were  also  found  in  small  amounts. 


AN  ELECTRON  MICROSCOPE  STUDY  OF  TITANIUM  ALLOY  INTERFACE  STUDY;  THE  EFFECT  OF 
HYDROGEN.  D.  A,  Meyn ,  Code  6312,  Naval  Research  Laboratory,  Washington,  DC 
20375-5000.  The  fracture  of  T1-6A1-4V  alloy  under  sustained  load  cracking  con¬ 
ditions  propagates  by  a  mixture  of  alpha  phase  cleavage,  alpha-beta  interface 
cracking  (IFC)  and  some  mlcrovoid  coalescence.  The  fraction  of  IFC  increases 
with  hydrogen  content  of  the  alloy,  but  the  fraction  of  cleavage  does  not.  This 
points  to  some  effect  of  the  increased  hydrogen  content  on  the  structure  of  the 
alpha-beta  interface.  No  hydrides  have  been  detected  on  the  IFC  fracture  sur¬ 
face  facets,  nor  in  TEM  thin  foils  of  interface  areas  of  unstressed  material. 
Present  studies  are  aimed  at  examining  the  effect  of  hydrogen  content  on  the 
prevalence  and  morphology  of  so-called  interface  phase  (IFF)  and  correlating 
this  with  the  IFC  fracture  mode.  Preliminary  studies  indicate  thicker  and  more 
prevalent  IFP  in  foils  from  specimens  of  high  hydrogen  content. 


THE  INFLUENCE  OF  COMPOSITION  AND  MICROSTRUCTURE  ON  THE  CORROSION  BEHAVIOR  OF 
TWO  AL-LI-X  ALLOYS.  James  P.  Moran*,  E.A.  Starke,  Jr.*  and  G.  E.  Stoner*, 
Dept,  of  Materials  Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  The 
corrosion  behavior  of  two  Al-Li-Cu-Zr-Ge  alloys,  with  and  without  Mg,  was 
studied.  The  types  of  corrosion  tests  conducted  Included  crevice  corrosion, 
constant  immersion  and  anodic  polarizations.  All  tests  were  conducted  in  3.5 
w/o  NaCl.  The  alloys  were  tested  in  the  underaged  and  overaged  tempers.  The 
heat  treatments  resulted  in  significant  mlcrostructural  differences  due  to  the 
precipitation  of  numerous  metastable  and  equllbrlum  phases.  The  results  will 
be  discussed  with  respect  to  composition  and  mlcrostructural  variations. 

THE  EFFECT  OF  MICROSTRUCTURE  ON  THE  FATIGUE  BEHAVIOR  OF  DUAL  PHASE  STEELS. 
R.M.  Ramage,  G.J.  Shiflet,  K.V.  Jata,  and  E.  A.  Starke,  Jr.,  Dept,  of  Materials 
Science,  Univ.  of  Virginia,  Charlottesville,  VA  22901.  Inexpensive,  low-alloy 
steels  are  used  in  a  variety  of  applications,  many  of  which  involve  cyclic 
loading.  Dual-phase  steels  are  of  special  interest  due  to  their  favorable 
strength  and  ductility  properties.  The  monotonlc  and  cyclic  deformation 
behavior  and  LCF  performance  of  a  dual-phase  Fe-C-Mn  steel  were  Investigated. 
The  microstructure  consisted  of  a  continuous  soft  phase  (ferrite)  surrounding  a 
hard  phase  (martensite) .  The  effect  of  these  mlcrostructural  variants  on 
deformation  behavior,  cyclic  stress-strain  response  and  fatigue  crack 
initiation  resistance  will  be  discussed.  (Research  supported  by  the  U.S.  Dept, 
of  Energy  under  Contract  Number  DE-FG05-85ER45181 ,  Stanley  M.  Wolf,  Program 
Manager) . 
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A  COMPARISON  OF  THE  DYNAMIC  MECHANICAL  PROPERTIES  OF  BIOLOGICAL  MATERIALS  AND 
SYNTHETIC  POLYMERS.  C.D.Ross^'^  and  R .  E .  Barke  r ,  J  r.  ,  Dept,  of  Mat.  Sci.,  Univ.  of 
Va.,  Charlottesville,  Va.  22901.  Because  of  their  great  abundance,  biological 
polymers  are  receiving  increasingly  greater  attention  from  materials  scientists. 
The  possibility  of  hybrids,  copolymers  and  composites  of  biopolymers  and  syn¬ 
thetic  polymers  is  virtually  unlimited.  In  addition,  recent  medical  diagnostic 
techniques  are  employing  excitation  of  the  body's  soft  tissues.  For  these 
reasons,  a  comparison  of  the  dynamic  mechanical  properties  of  biopolymers  with 
the  more  widely  studied  properties  of  synthetics  is  warranted.  A  review  of  the 
literature  of  biomechanics  and  medicine  shows  that  the  dynamic  mechanical  pro¬ 
perties  of  biopolymers  can  be  comprehended  in  terms  of  the  theory  developed 
for  synthetics. 

ELECTROCHEMICAL,  PERMEATION,-  AND  SLOW  STRAIN-RATE  STUDIES  OF  SUPERFERRITIC 
STAINLESS  STEEL.  J,  A.  Smith,  Code  6315,  Naval  Research  Laboratory,  Washington, 
DC,  20375-5000.  The  cracking  behavior  of  a  ferritic  stainless  steel  was  inves¬ 
tigated  in  0,6M  NaCl  solutions.  Slow  strain  rate  tests  were  performed  at  open 
circuit  potential  and  under  conditions  of  cathodic  charging.  In  addition, 
polarization  and  permeation  tests  were  conducted  on  this  alloy  and  conpared 
with  those  of  pure  iron  and  several  binary  iron  alloys. 

Crack  morphology,  the  measured  current  during  straining  and  reduction  in  areas 
were  used  as  criteria  for  assessing  cracking  behavior.  Susceptibility  to  crack¬ 
ing  in  0.6M  NaCl  solutions  was  caused  by  hydrogen  embrittlement.  The  cracking 
mode  was  dimple  ductile  rupture  and  transgranular  cleavage;  the  latter  becoming 
progressively  more  abundant  as  the  potential  Increased  negatively  from  circa  open 
circuit  potential  to  -1400  MV  (SCE). 

THE  EFFECT  OF  SiC  PARTICLES  ON  THE  PITTING  OF  SiC/ALUMINUM  METAL  MATRIX 
COMPOSITES.  P.  P.  Trzaskoma ,  Code  6314,  Naval  Research  Laboratory,  Washington, 

DC  20375-5000.  Electrochemical  studies  on  SlC/Al  metal  matrix  conqjosltes  have 
been  performed  in  0.1  M  and  0,6  M  aqueous  NaCl  with  and  without  aeration. 
Polarization  behavior  has  been  determined  and  pitting  potentials  have  been 
measured  for  three  composite  alloy  systems!  SiC/2024  Al,  SiC/6061  Al,  and 
SiC/5456  Al.  The  results  are  discussed  in  terms  of  the  effect  of  the  SiC 
constituent  on  the  corrosion  behavior  of  the  metal  matrix  composites.  Some 
results  on  anodized  con^osltes  will  also  be  presented. 


RADIATION- INDUCED  STRUCTURAL  CHANGES  IN  NON-METALLIC  SOLIDS.  Mark  D.  Walters,* 
Dept,  of  Engineering  Physics,  and  W.  A,  Jesser,  Dept,  of  Materials  Science, 
Univ.  of  Virginia,  Charlottesville,  VA  22901.  Several  interesting 
ralcrostructural  changes  occur  in  insulators  and  semiconductors  as  the  result  of 
ion  bombardment.  One  effect  that  typically  does  not  occur  in  metals  is  the 
possibility  of  a  crystalline  to  amorphous  (or  amorphous  to  crystalline)  phase 
change.  The  theory  of  the  "Thermal  Spike"  is  discussed  as  a  mechanism  for  this 
phase  change.  Irradiation  of  100  mn  thick  films  of  SiO  with  80  keV  He+  h^^ 
shown  amorphous  to  crystalline  change  for  fluxes  greater  than  2x10 

ions /cm  -sec.  The  number  of  crystallites  formed  in  the  film  remained  constant 
with  irradiation  time,  with  crystallites  of  2  nm  diameter  dominating  at  early 
times,  and  larger  crystallites  up  to  15  nm  prevalent  at  later  times.  The 
volume  per  cent  of  specimen  transformed  to  the  crystalline  state  was  plotted 
against  dose,  and  an  S-shaped  curve  was  obtained,  typical  of  nucleation  and 
growth  kinetics. 
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CORRELATION  EFFECTS  DURING  VACANCY  CLUSTERING.  Scott  T.  Weidnian*, 
Dept,  of  Applied  Math,  and  Robert  A.  Johnson,  Dept .  of  Materials 
Science,  Univ.  of  Va. ,  Charlottesville,  Va.  22901.  The  standard 
kinetic  equations  for  modeling  homogeneous  nucleation  contain  an 
inconsistency  because  the  terms  representing  agglomeration  are 
valid  only  for  random  distributions  of  particles  while  the  concur¬ 
rent  dissociation  of  clusters  upsets  this  randomness.  For  low-den¬ 
sity  systems  this  may  be  corrected  by  replacing  the  atomistically- 
based  dissociation  rate  constants  with  net  dissociation  rates.  A 
Monte  Carlo  simulation  of  cluster  break-up  in  a  f ace-centered-cubic 
metal  has  been  used  to  estimate  these  net  rates  to  be  some  30%  of 
the  atomistic  dissociation  rates.  Ntunerical  integration  of  the 
governing  rate  equations  with  and  without  corrections  for  correla¬ 
tion  indicates  that  correlation  effects  increase  steady  state  clus¬ 
ter  concentrations,  and  the  nucleation  rate,  by  about  an  order  of 
magnitude.  (Work  partially  supported  by  the  National  Science 
Foundation  under  Grant  No.  DMR  81-06889.) 


Medical  Sciences 


IDENTIFICATION  OF  ENDOGENOUS  OPIOID  PEPTIDES  IN  CANINE  CEREBRO-SPINAL  FLUID 
AFTER  MORPHINE  TREATMENT.  Michael  L.  Adams*,  Dale  Morris*,  Jeff  Martin*, 

Edward  R.  Bowman*,  William  L.  Dewey,  Department  of  Pharmacology  and  Toxicology, 
Medical  College  of  Virginia,  Virginia  Commonwealth  University,  Richmond,  VA 
23298-0001.  Clear  cerebro-spinal  fluid  (CSF)  was  taken  from  dogs  one  hour 
after  morphine  treatment  (10  mg/kg  s.c.).  The  CSF  was  treated  with  phenyl - 
methyl sulfonyl  fluoride,  frozen  and  lyophilized.  Sephadex  G25  gel  filtration 
and  reverse-phase  HPLC  on  a  Nova-pak  C18  column  were  used  to  isolate  opioid 
peptides.  RIA's  were  carried  out  on  various  fractions.  Morphine  immuno- 
reactivity  was  found  both  at  morphine's  retention  time  and  in  fractions  con¬ 
taining  larger  and  more  hydrophilic  substances.  No  [met]enkephalin  immuno- 
reactivity  was  detected.  A  level  of  6.8  ng/ml  of  CSF  6-endorphin  immuno- 
reactivity  was  measured.  Dynorphin  1-13  immunoreactivity  was  found,  but  it  has 
not  yet  been  quantitated.  A  peak  with  chromatographic  and  immunoreactive 
characteristics  of  [leu]enkephal in  indicated  a  level  of  74.8  ng/ml  of  CSF. 
Analysis  and  identification  of  other  opioid  peptides  isolated  from  the  CSF 
samples  are  being  attempted  using  amino  acid  analysis  and  sequencing  of 
HPLC-pure  peptides.  (Supported  by  U.S.P.H.S.  Grant  DA-01647  and  T32-DA-07027). 

STUDIES  ON  THE  REGULATION  OE  COLLAGEN  EXPRESSION  IN  CULTURED  RAT  HEPATOCYTES. 
K.J,  Baker,  W.J.  Lindblad,  P.S.  Guzelian  ’  and  R.F.  Diegelmann.  ’  Depts.  of 
Biochemistry,  Surgery  and  Medicine.  MCV/VCU,  Richmond,  VA  23298. 

Previous  work  from  this  laboratory  has  demonstrated  biosynthesis  of  Types  I 
ana  IV  collagen  by  cultured  rat  hepatocytes  using  biochemical  and  immunohisto- 
chemical  techniques.  cDNA  hybridization  techniques  have  now  been  utilized  to 
examine  the  temporal  expression  of  mRisiAs  for  these  two  collagens.  Type  IV 
collagen  mRNA  was  detected  in  freshly  isolated  hepatocytes  with  increasing 
levels,  relative  to  total  RNA,  during  the  subsequent  8  days  in  culture.  Un¬ 
expectedly,  mRNA  specific  for  Type  I  collagen  was  also  detected  on  the  first  day 
and  persisted  at  a  constant  level  during  the  next  8  days.  The  cells  that  con¬ 
tained  Type  I  mRNA  co- separated  with  albumin  mRNA  containing  cells  using  a 
continuous  Percoll  gradient  supporting  the  hepatocellular  origin  of  this  colla¬ 
gen  message.  This  early  presence  of  Type  I  mRNA  is  at  a  time  when  synthesis 
could  not  be  detected.  These  studies  suggest  that  m  vivo,  the  hepatocyte 
contains  untranslated  copies  of  collagen  message,  which  are  readily  expressed  in 
cell  culture.  Supported  by  A.D.  Williams  Foundation  and  AM-18976. 
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DETERMINATION  OF  INHIBITOR  K.  AND  INHIBITOR  TYPE  FROM  THE  CONCENTRATION  OF 
INHIBITOR  FOR  I50  FOR  MICHAtciS-MENTON  ENZYMES.  R.  B.  Brandt,  Dept,  of 
Biochem.  and  Massey  Cancer  Ctr. ,  VA  Commonwealth  Univ.,  Med.  Col.  VA, 
Richmond,  VA  23298.  The  use  of  1 50  for  enzyme  or  drug  studies  has  the 
disadvantage  of  not  allowing  easy  comparison  between  data  from  different 
laboratories  or  under  different  substrate  conditions.  Modifications  of  the 
Michaelis-Menton  equation  for  treatment  of  inhibitors  allows  both  the 
determination  of  the  type  of  inhibition  (competitive,  non-competitive  and 
uncompetitive)  and  the  K.  for  the  inhibitor.  For  competitive  and  uncom¬ 
petitive  inhibitors  when  the  assay  conditions  are  [S]  =  Km,  then  K.  ^0/2- 
For  different  conditions  of  [S]  there  is  a  divergence  between  competitive 
and  uncompetitive  inhibitors  that  may  be  used  to  identify  the  type  of 
inhibitor.  The  equation  for  K.  also  differs.  For  non-competitive  inhibitors 
the  K.  =  I50  and  this  relationship  is  valid  with  changing  [S].  The 
equations  developed  require  a  single  substrate,  reversible  type  inhibitors 
and  kinetics  of  the  Michaelis-Menton  type.  (Supported  by  funds  from  NFCR.) 

MECHANISMS  OF  CML  HYPORESPONSIVENESS  IN  LONG  TERM,  HLA  MISMATCHED,  RENAL  TRANSPLANT 
RECIPIENTS  David  J.  Cohen,  H.M.  Lee  and  T.  Mohanakumar  Departments  of  Surgery  and 
Microbiology  /  Immunology  Medical  College  of  Viriginia,  VCU,  Richmond,  Va.  .23298  Four  long  term  (>1 0 
years),  HLA  mismatched,  renal  allograft  recipients  vere  assessed  by  a  dose  dependent  CML  assay  for 
evidence  of  donor  -specific  CML  hyporesponsiveness  and,  in  one  patient,  the  frequency  of  cytolytic  T- 
cell  (CTL)  precursors  capable  of  responding  to  donor  alloantigen  vas  examined  by  a  limiting  dilution  assay 
and  application  of  Poisson  dsitribution  statistics.  All  four  recipients  were  found  to  have  depressed  CML 
responses  against  donor  targets  (mean  of  2-5^  specific  lysis).  Responses  against  third  party  targets 
were  variable  (15-60%  Specific  Lysis),  however,  these  data  are  consistent  with  an  antigen  specific 
defect  in  the  recipient  CTL  effector  mechanism.  To  determine  whether  or  not  this  may  be  due  to  a 
deletion  of  anti-donor  alloreactive  cells,  we  developed  a  sensitive  limiting  dilution  assay  with  application 
of  Poisson  distribution  statistics  to  obtain  the  frequency  of  both  anti-donor  and  anti-third  party  CTLp 
present  in  recipient  PBL*s.  Our  results  on  one  patient  suggest  a  simultaneous  reduction  in  the  number  of 
alloreactive  clones  and  the  presence  of  an  active  suppressor  population.  These  results  have  led  us  to 
conclude  that  several  mechanisms  may  operate  simultaneously  in  long  term  renal  allograft  recipients  with 
well  functioning  grafts.  (Supported  by  AM  32253  and  NIH  CA  27416) 


AN  IN  VITRO  ASSESSMENT  OF  REPRODUCTIVE  TOXICITY  INDUCED  BY  XENOBIOTICS  REQUIR¬ 
ING  METABOLIC  ACTIVATION.  John  B,  Coleman,  J.R.  Hayes?  and  Joseph  F.  Borzelleca, 
Dept,  of  Pharmacology  and  Toxicology,  MCV-VCU,  Richmond,  VA  23298.  An  assay  was 
developed  to  biotransform  indirect  acting  toxins  in  vitro  to  their  active  me¬ 
tabolites  using  the  9000  x  g  (S-9)  liver  supernatant  from  male  CD-I  mice.  Epi- 
didymal  spermatozoa  from  CD-I  mice  were  treated  for  45  min  with  varying  concen¬ 
trations  of  cyclophosphamide  and  an  NADPH  generating  system  either  in  the  ab¬ 
sence  or  presence  of  the  S-9  at  a  concentration  of  1  mg  protein/  ml  medium. 

The  sperm  then  were  used  in  an  in  vitro  fertilization  with  untreated  eggs  to 
determine  the  fertilization  rate.  In  the  absence  of  the  S-9,  cyclophosphamide 
up  to  40  mM  did  not  inhibit  fertilization.  However,  in  its  presence  there  was 
an  inhibition  of  fertilization  that  appeared  dose-related,  with  no  fertiliza¬ 
tion  occurring  at  40  mM.  This  inhibition  did  not  alter  sperm  velocity  or  sperm 
acrosome  integrity.  However,  there  was  a  dose-related  decline  in  sperm  motility 
but  these  decreases  were  much  less  than  the  decreases  in  fertilization  rate. 
These  findings  suggest  that  an  in  vi tro  assay  can  be  used  for  assessing  the 
effects  of  indirect  acting  toxins  on  the  fertilization  potential  of  sperm. 
(Supported  by  EPA  Grant  808861). 
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ABSORPTION  SPECTRA  OF  BLOOD  PLASMA  PROTEINS  DETECTING  AND  PREDICTING  SICKNESS 
INCIDENCE.  Colmano*#  G.,  and  A.  C.  Tischler#  VA-MD  Regional  College  of  Veterinary 
Medicine#  VPI  &  SU#  Blacksburg#  VA  4061. 

We  exploited  the  capabilities  of  a  simple  spectrophotometric  analysis  of 
blood  plasma#  in  which  colored  compounds  (chromophores) #  representing  the 
concentration  of  pools  of  amino  acids  in  their  absorbance  of  light  energy# 
have  depicted  differences  between  normal  and  abnormal  conditions.  The  method 
is  based  on  the  changes  in  absorbance  (485  points  between  650“185nm)  of  the 
abnormal  metabolic  conditions  caused  by  disease#  compared  to  the  absorbance  of 
a  data  base  derived  from  individuals  considered  normal.  The  data  base  for 
comparison  is  very  important#  because  in  the  separation  of  levels  of  protein 
nutrition#  different  types  of  stress#  and  different  pathological  conditions# 
we  found  statistically  distinguishable  differences  between  all  conditions  tested 
in  animals  (i.e.:  rats  on  3  levels  of  protein  and  2  levels  of  stress)  and  humans 
(i.e.t  cancer  and  heart  patients#  Type  A-coronary-prone  and  Type  B-low-stress 
behavior  patterns). 


THE  EFFECTS  OF  MORPHINE  ON  CEREBROSPINAL  FLUID  LEVELS  OF  OPIOID  PEPTIDES  IN 
RAT.  Sandra  G.  Cook*,  Dale  L.  Morris*  and  William  L.  Dewey.  Department  of 
Pharmacology  and  Toxicology,  Medical  College  of  Virginia,  Virginia  Commonwealth 
University,  Richmond,  VA  23298.  It  has  been  hypothesized  that  exogenously 
administered  opiates  exert  their  antinociceptive  effect,  in  part,  via  the 
release  of  endogenous  opioid  peptides.  In  an  effort  to  characterize  the 
potential  influence  of  morphine  on  the  levels  of  these  endogenous  substances  in 
rat  cerebrospinal  fluid,  preliminary  findings  suggest  an  increase  in  g- 
endorphin  levels  in  response  to  systemic  morphine  administration.  This 
phenomenon  has  been  shown  to  be  both  dose  and  time  related.  In  the  cases  of 
Met-  and  Leu-enkephalin;  however,  there  does  not  appear  to  be  any  changes 
correlating  with  morphine  administration.  Ultimately,  insights  from  studies  of 
this  nature  will  be  useful  to  our  understanding  of  the  role  of  endogenous 
peptides  in  pain  and  its  alleviation.  (Supported  by  U.S.P.H.S.  Grant 
DA-01647  and  T32-DA-07027) . 

MYOCARDIAL  MECHANICS  AND  REDUCED  OXYGEN  INTERMEDIATES  MEDIATED  BY  ACTIVATED 
LEUKOCYTES  ON  RABBIT  PAPILLARY  MUSCLE.  Mary  B.  Deardorff*,  Dept,  of  Physiology 
&  Biophysics,  Med.  Col.  Va. ,  Richmond,  Va.  23298,  L.  Richard  Eaton*,  Dept,  of 
Med.,  Med.  Col.  Va. ,  Richmond,  Va.  23298  &  Michael  L.  Hess*,  Dept,  of  Physiolo¬ 
gy  &  Biophysics,  and  Med.,  Med.  Col.  Va. ,  Richmond,  Va.  23298.  Activated  leuko¬ 
cytes,  which  release  oxygen  free  radicals  (OFR) ,  appear  to  play  an  important 
role  in  Ischemic  and  infiltrative  myocardial  diseases.  Right  papillary  muscles 
were  incubated  with  phorbol  myristate  acetate  (P,  lyg/ml)  activated  leukocytes 
(W,  8Xl0^cells/ml)  at  37°C.  Pre  and  post-treatment  length-tension  and  force- 
frequency  curves  were  recorded.  Lmax  was  depressed  49%  while  dT/dt  was  depres¬ 
sed  50%  of  pre-treatment  (P<0.05).  When  OFR  scavengers,  superoxide  dismutase 
(SOD,  lOyg/ml)  and  catalase  (CAT,  lOyg/ml),  or  CAT  and  Na-Ibuprofen  (I,  lOyg/ml) 
were  added  with  P-W,  muscles  were  completely  protected  (P<0.05).  Force-frequen¬ 
cy  studies  yielded  similar  results  (P<0.05):  Developed  tension  was  68%  and  dT/dt 
was  58%  of  pre-treatment .  SOD+CAT  or  CAT+I  completely  protected.  We  conclude 
that  OFR's  generated  by  activated  leukocytes  depress  myocardial  tension  and  con¬ 
tractility.  Further,  the  damaging  agents  appear  to  be  hydrogen  peroxide  and  a 
metabolite  of  the  cyclooxygenase  pathway. 
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STUDIES  ON  MACROPHAGE  TRANSFERRIN  RECEPTOR  EXPRESSION  AND 
TUMORSTATIC  ACTIVITY.  C.  Dickens  and  L.  B.  Schook,  Dept,  of  Microbiology  and  Immunology, 
Viriginia  Commonwealth  Univ.,  Richmond  VA  23298.  The  macrophage  is  involved  in  both  antigen 
presentation  and  the  destruction  of  intrarellular  parasites  and  tumor  cells.  Our  laboratory  has 
focused  on  the  origin  of  such  macrophage  functional  diversity.  In  this  study  we  have  shown  that 
stages  of  macrophage  cytostatic  activity  to  the  melanoma  tumor  are  associated  with  the  expression  of 
the  transferrin  (Tf)  binding  receptor.  We  have  shown  that  macrophage  which  have  low  levels  of  Tf 
binding  receptors  have  high  cytostatic  activity.  Trratment  of  animals  with  dimethyinitrosamine 
(DMN)  Increased  the  resistance  of  animals  to  challenge  with  the  melanoma  both  in  vivo  and  in 
vitro  .  The  DMN  treatment  also  resulted  in  decreased  Tf  receptor  binding  on  mature  macrophages 
obtain^  by  i.p.  administration  of  thioglycol late  and  Con  A  or  adherence  of  splenic  cells.  The  change 
in  the  number  of  Tf  binding  rereptors  after  DMN  exposure  resulted  from  changes  in  the 
differentiation  of  macrophage  from  bone  marrow  stem  cells.  The  decreased  number  of  Tf  binding 
receptors  was  also  reflective  of  changes  in  the  kinetics  of  macrophage  differentiation.  These 
studies  will  aid  in  our  understanding  on  the  origins  macrophage  phenotypes  and  regulation  of  various 
effector  and  effetor  functions.  Supported  by  a  grant  from  the  NIH  ( ES  03468). 

STRESS,  ADRENALS,  AND  VITAMIN  C.  John  H.  Richardson  and  Cynthia  Dorr,^^  Dept,  of 
Biol.,  Old  Dominion  Univ.,  Norfolk,  Va.  23508.  Thirty  male  CFW  mice  were  used 
in  this  study.  Ten  animals  served  as  controls;  ten  received  dally  intra- 
peritoneal  injections  of  one  mg.  of  sodium  ascorbate  for  five  days,  and  the 
remaining  ten  mice  received  dally  intraperitoneal  placebo  injections  of  one  mg. 
of  sodium  bicarbonate  for  five  days.  The  injected  animals  were  stressed  dally 
by  submersion  in  water  for  one  minute.  The  stressed  mice  that  received  vitamin 
C  maintained  high  levels  of  serum  corticosteroids,  whereas  the  steroid  levels  of 
the  placebo  group  began  to  decline  after  two  hours.  It  is  hypothesized  that 
large  doses  of  vitamin  C  may  reduce  the  organisms  Immune  response  when  stress  is 
present  because  of  the  maintenance  of  high  levels  of  serum  corticosteroids. 


5EROLO0IC  AND  OENETIC  CHARACTERIZATION  OF  MURINE  MINOR  HISTOCOMPATIBILITY  ANTI0ENS  AND 
GENES.  Melanie  G.  Edwards*  and  Lawrence  B.  Schook,  Dept  of  Microbiology/lmmunology,  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23298.  Acute  or  chronic  Graft  versus  Host  DiseaseCGVHD)  may 
arise  in  an  human  or  murine  recipient  transplanted  with  major  histocompatibility 
complex(MHC)-compatible  minor  histocompatibility  antigen(MinHA)-incompatible  donor  bone 
marrow;  this  is  attributed  to  donor- recipient  MinHA  disparity.  We  plan  three  approaches  of  further 
characterization  and  subsequent  illation  of  two  murine  MinHA  and  their  genes:  1.  Employing 
monoclonal  antibodles(MoAb)  specific  for  either  the  H-1  or  H-4  murine  MinHA,  we  will  examine 
tissue  distribution,  antigen  expression  during  development,  and  isolate,  (by  immunopurification  of 
polysomes),  MinHA-specific  mRNA  from  which  a  cDNA  can  be  made.  2.  If  a  MinHA-specific  MoAb 
cannot  be  produced,  MoAb  against  Cte  1  H-2  determinants  will  be  used  in  an  attempt  to 
immunoprecipate  a  complex  of  the  MinHA  and  H-2  antigen,  since  recognition  of  MinHA  seems  to  be 
H-2  restricM  3.  Using  a  genomic  probe  for  the  B  chain  of  the  murine  hemoglobin  gene  ( known  to 
map  approximately  2  centimorgans  or  4  kilobases  centromeric  of  H-4)  we  will  examine  restriction 
fragment  length  polymorphisms.  By  these  studio  we  will  further  clarify  the  role  of  MinHA  in  the 
clinirally-relevant  condition  of  6VHD. 

AN  IMPROVED  METHOD  FOR  LARGE  PLASMID  PURIFICATION.  Patricia  A.  Hegerlch’\ 
and  D.  E.  Dennis'',  Dept,  of  Biol.,  James  Madison  University,  Harrisonburg, 

VA  22807.  Purification  technologies  for  large  plasmids  (20  -  300  Mdal) 
have  lagged  far  behind  similar  technologies  for  small  plasmids  in  both  purity 
and  yield.  This  has  made  it  extremely  difficult  to  perform  rapid  small-scale 
screening  of  these  plasmids.  We  have  developed  a  small-scale  procedure  that 
allows  large  plasmids  to  be  screened  comparatively  rapidly  by  restriction 
endonuclease  digestion.  The  procedure  consists  of  an  accepted  enrichment 
procedure  for  large  plasmids  (Hansen  &  Olsen  procedure) ,  followed  by 
procedures  normally  applied  in  rapid  small-scale  isolation  of  smaller  plasmids 
(ammonium  acetate  precipitation,  phenol  extraction  and  RNase  digestion).  In 
addition  to  its  utility  in  small-scale  purifications,  application  of  this 
procedure  to  large-scale  purification  results  in  significantly  purer 
preparations  of  plasmid  DNA. 
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IMPAIRED  IN  VITRO  IMMUNE  RESPONSIVENESS  TO  A  SOLUBLE  ANTIGEN  IN  LONG  TERM  RENAL 
transplant  recipients.  Norma  Kenyon^  &  T.  Mohanakumar* ,  Qepts.  Surg.  &  Mic./Imm. 
Med.  Col.  of  Va./Va.  Ctfimionwealth  Univ. ,  Richmond,  Va.  23298-0001.  Multiple 
immune  mechanisms,  both  cellular  and  humoral,  are  involved  in  the  rejection  of 
renal  allografts.  Controversy  continues  concerning  the  primary  effector  mecha¬ 
nisms  of  rejection,  but  the  steps  involved  in  the  initiation  and  development  of 
an  immune  response  such  as  graft  rejection  should  be  kept  in  mind:  antigen 
presentation  to  -and  recognition  by-  helper  T  cells  (Th) ,  proliferation  and 
differentiation  of  Th  with  subsequent  proauctdon  of  lynphokines,  action  of 
lymphokines  on  the  precursors  of  various  effector  cell  populations,  and  gener¬ 
ation  and  action  of  effector  mechanisms.  Since  the  Th  cell  is  central  to  the 
development  of  an  immune  response,  long  term  recipients  may  have  altered  affer¬ 
ent  immune  function  associated  with  this  cell.  An  in  vitro  system  which  allows 
stuay  of  Th  cell  activation  and  proliferation  is  tnat  of  response  to  soluble 
antigen  in  culture.  The  proliferative  responses  of  recipient  and  normal  T  cells 
to  tetanus  toxoid  was  compared;  7  out  of  9  recipients  tested  had  significantly 
depressed  responses  compared  to  normal  controls.  This  defect  could  be  due  to  a 
lack  of  helper  factors  or  to  a  suppressive  cell  or  factor.  Studies  on  the 
mechanism  involved  are  in  progress.  (Supported  by  AM  32253  &  NIH  CA  27416) . 

STUDIES  ON  AN  INHIBITOR (S)  OF  INTERFERON-a  INDUCTION  NORMALLY  PRESENT  IN  HUMAN 
SERUM:  CHAPACTERIZATION  AND  POTENTIAL  IMMUNOREGULATORY  ROLE  IN  VIVO.  T.  R. 
Killeen* ,  M.  R.  Escobar,  S.  Yousefi*,  G.  W.  Gander*  and  R.  E.  Hall*,  Med.  Col. 
of  Va.,  Va.  Commonwealth  Univ.,  Richmond,  Va.  23298.  Our  previous  work  on  36 
hepatitis  patients  and  controls  revealed  that  Interferon-a  (IFN-a)  induction  in 
peripheral  blood  mononuclear  cells  by  K562  cells  could  be  inhibited  by  autol¬ 
ogous  and,  in  most  cases,  heterologous  human  sera.  The  purpose  of  this  study 
was  to  partially  characterize  the  inhibitor(s) .  Inhibitory  activity  was  measured 
by  a  microtiter  dye-uptake  method  using  WISH  human  amnion  cells  and  encephalo- 
myocarditis  virus.  The  activity  in  whole  serum  was  inactivated  at  56°C/30  min. 
and  reduced  by  25%  upon  storage  at  4°C/6  wk.  Using  Sephadex  G-lOO,  2  peaks  (A 
and  were  shown  to  have  inhibitory  activity.  Peak  A  (MW  70,000)  was  stable 
at  65  C/30  min.  and  at  4°C/6  wk.  as  well  as  at  pH  2  and  pH  10.  Its  activity 
was  reduced  by  25%  with  6M  urea,  by  50%  with  O.IM  g-mercaptoethanol ,  ImM  NalO^ 
and  insoluble  papain  and  by  100%  with  ether  and  insoluble  trypsin.  Peak  B 
(MW  5,000)  was  heat  labile  of  56°C/30  min.,  and  it  lost  virtually  all  its 
activity  when  stored  at  4°C/4  wk.  It  appears  that  the  inhibitory  activity  is 
associated  with  a  glycoprotein  and  possibly  a  lipid  component  with  immuno- 
regulatory  functions  and  potential  clinical  significance. 

SIMILARITIES  AND  DIFFERENCES  IN  TEST-TAKING  BEHAVIORS  BY  HYPERTENSIVE  AND  NORMO- 
TENSIVE  SUBJECTS.  H.E.  King,  R.E.  Miller*  A.P.  Shapiro*  and  K.  Fitzglbbon,* 
Dept,  of  Psychol.,  Washington  &  Lee  Univ.,  Lexington,  Va.  24450.  Systematic 
ratings  were  made  of  test-taking  behaviors  by  hypertensive  and  normotensive 
subjects  as  they  worked  to  complete  a  battery  of  neuropsychological  tests.  An 
analysis  of  the  data  for  82  subjects  (41  subject-pairs;  matched  for  age,  race, 
and  education)  revealed  substantial  differences  between  groups,  early  mild 
hypertensive  subjects  (unmedlcated)  displaying  significantly  less-optimal  be¬ 
haviors  than  did  normotensive  controls.  These  findings  are  in  keeping  with  the 
pattern  of  slight  but  significant  and  widespread  reductions  in  sensory/percep- 
tual,  cognitive,  and  psychomotor  abilities  reported  earlier  for  the  identical 
subject  group  (Shapiro,  A.P.  et  al,  1982).  It  is  suggested  that  these  may  best 
be  understood  as  subtle  functional  consequences  of  the  abnormal  physiological 
state  imposed  upon  the  brain  by  a  chronically  elevated  blood  pressure.  (Sup¬ 
ported  by  Grant  5  ROl  HL20724  from  the  Nat’l.  Heart,  Lung  and  Blood  Institute) 
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ULTRASTRUCTURAL  DEMONSTRATION  OF  la  ANTIGENS  ON  FOLLICULAR  DENDRITIC  CELLS  (FDC) 
AND  EVIDENCE  OF  THEIR  BONE  MARROW  ORIGIN.  M.  H.  Kosco*,  J.  G.  Tew  and  A.  K. 
Szakal*,  Depts.  of  Anatomy  and  Microbiology /Irmn-unolosr ,  MCV-VCU,  Richmond,  Va. 
23298.  Since  la  expression  by  FDCs  remains  controversial,  we  developed  a  tech¬ 
nique  to  study  surface  antigens  in  situ  at  the  ultrastructural  level.  For  this, 
rat  and  mouse  tissue  sections  were  incubated  with  the  monoclonal  antibodies,  OxU 
an  10-2. 16,  in  conjunction  with  indirect  and  direct  immunoperoxldase  techniques, 
respectively.  The  tissue  was  then  processed  for  evaluation  by  electron  micro¬ 
scopy.  The  results  showed  labeling  of  la  antigens  on  the  surface  of  both  the 
FDCs  and  the  surrounding  B  lymphocytes.  The  labeling  for  la  on  FDCs  was  found 
on  the  plasma  membrane  of  their  cell  body  and  their  highly  convoluted  dendritic 
processes.  In  addition  to  la,  FDCs  were  also  tested  for  their  expression 
of  other  surface  antigens.  They  expressed  H2“K,  common  leukocyte  anti¬ 
gen,  and  Fc  receptors,  but  lacked  lymphocyte  and  various  macrophage  antigens. 

The  origin  of  FDCs  was  investigated  using  bone  marrow  reconstituted  radiation 
induced  chimeric  mice  (BIO .  A--»  C57BL/10 ) .  A  monoclonal  antibody  which  recognized 
la  antigens  of  the  donor  haplotype  ( 10-2.16)  was  used  to  identify  cells  of  donor 
bone  marrow  origin.  The  results  showed  that  the  FDCs  expressed  la  for  the  donor 
haplotype  suggesting  a  bone  marrow  precursor.  Supported  by  NIH  Grant  AI  171^2. 


AN  IN  VITRO  METHOD  FOR  INVESTIGATING  HYPOTHALAMIC  CONTROL  OF  ANTERIOR  PITUITARY 
SECRETION,  R.J.  Krieg,  Jr . ,  T.H.  Brannagan*  M.O.  Thorner*  and  W.S.  Evans*  Dept, 
of  Anatomy,  MCV-VCU,  Richmond,  VA  23298,  and  Dept,  of  Internal  Medicine,  Univer¬ 
sity  of  Virginia,  Charlottesville,  VA  22908,  Significant  observations  concern¬ 
ing  the  control  of  anterior  pituitary  growth  hormone  (GH)  secretion  have  been 
made  using  an  vitro  pituitary  cell  perifusion  system.  The  system  employs  a 
column  of  dispersed  pituitary  cells  suspended  in  BioGel,  and  the  technique  was 
recently  described  in  detail  by  Evans  et  al.  (Methods  in  Enzymology  103:294- 
305,1983),  The  present  method  was  designed  to  Investigate  the  function  of  the 
hypothalamus  ^  vitro .  Hypothalamic  slices,  prepared  using  a  Sorvall  TC-2  tis¬ 
sue  sectloner,  were  contained  in  the  first  of  a  series  of  two  chambers,  with 
perifused  pituitary  cells  contained  in  the  second  chamber.  In  this  design,  the 
media  or  drug  solutions  superfuse  the  hypothalamic  slices  and  then  perifuse  the 
dispersed  pituitary  cells.  The  two  systems  can  be  run  separately,  with  the  hypo¬ 
thalamic  slice  preparation  being  connected  or  disconnected  at  predetermined 
times.  In  recent  studies  using  this  two-chamber  system,  we  have  found  that  hypo¬ 
thalamic  slices  maintain  viable  functional  capacity,  and  are  able  to  influence 
the  secretion  of  pituitary  GH.  Further  studies  will  investigate  the  involvement 
of  catecholaminergic  and  peptidergic  mechanisms  in  the  effect. 

BIODISPOSITION  OF  ^H-SARIN  IN  MICE,  P.  J.  Little!  M.  L.  Reynolds!  and  B.  R. 
Martin,  Dept.  Pharmacol  and  Toxicol,  MCV-VCU,  Richmond,  Va  23298.  The  time 
course  of  tissue  biodisposition  of  3H-sarfn  and  its  metabolites  was  studied  in 
mice  after  injection  with  7^Ci /80i4g/kg  of  3H-sarin.  ^H-Sarin  and  its  metab¬ 
olites  were  selectively  extracted  from  tissue  homogenates  and  tissue  concentra¬ 
tions  determined.  ^H-Sarin  was  rapidly  hydrolyzed  to  either  free  or  covalently 
bound  3h~IMPA  (isopropyl  methyl phosphonic  acid).  At  1  min  only  2-9%  of  the 
radioactivity  was  extactable  as  3H-sarin,  The  lungs  retained  higher  quantities 
of  '^H-sarin  than  other  tissues  examined.  In  most  tissues  radioactivity  was 
predominately  in  the  form  of  free  3h-IMPA  for  a  period  of  4  hr,  after  which 
levels  of  covalently  bound  3h-IMPA  were  greater.  Sarin's  extreme  toxicity  may 
be  related  to  its  high  reactivity  in  vivo.  Lungs  and  plasma  were  more  suscept¬ 
ible  to  sarin  and  retained  high  concentrations  of  covalently  bound  3h-IMPA 
throughout  the  time  course.  An  attempt  was  made  to  correlate  tissue  biodispo¬ 
sition  of  sarin  and  its  effects  of  induced  hypothermia  and  hypoactvity.  No 
parallel  was  seen  between  the  time  course  of  brain  biodisposition  and  the  time 
course  of  hypothermia  and  hypoactivity  following  treatment  with  SOjig/kg  of 
sarin.  (Supported  by  contract  DAMD  17-82-C-2212  from  USAMRDC). 
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FATE  OF  PHENCYCLIDINE  DURING  SMOKING.  Louis  P*  Lue*,  Joseph  A.  Scimeca*,  Brian 
F.  Thomas*  and  Billy  R,  Martin.  DepartminFWTHirmacology  and  Toxicology, 
Medical  College  of  Virginia,  Virginia  Commonwealth  University,  Richmond,  VA 
23298.  Due  to  the  fact  that  phencyclidine  (PCP)  is  frequently  abused  by 
smoking,  studies  were  carried  out  to  further  identify  its  pyrolysis  products. 
Marihuana  placebo  cigarettes  were  impregnated  with  '^H-PCP*HCL  (50  mg)  and 
burned  under  conditions  simulating  smoking.  Mainstream  smoke  was  passed 
through  glass  wool  filters,  H«S0-  and  NaOH  traps.  Seventy-eight  t  of  the 
starting  radioactivity  was  recovered  from  the  glass  wool  trap  with  a  methanol 
extraction.  HPLC  and  GC/MS  analyses  of  the  methanol  extract  revealed  the 
presence  of  piperdine  and  1-phenyl -l-cyclohexene,  two  previously  identified 
pyrolysis  products,  and  well  as  unchanged  PCP.  There  have  been  previous 
reports  that  PCP  can  be  converted  to  styrene,  Indene,  alpha-methyl -styrene , 
2-methyl -naphthalene,  napthalene,  biphenyl,  phenanthrene  and  anthracene  when 
heated  to  600°  in  a  glass  furnace.  These  compounds  were  not  detected,  although 
unidentified  radioactivity  suggests  that  there  are  other  pyrolysis  products. 
(Supported  by  NIDA  grant  DA-02396). 

EVIDENCE  OF  POLYCMNAL  B-CEIX  ACTimjION  IN  CHRONIC  lOTMMATOOT  RESPCMSE.  S. 
Mallison*,  R.R.  tenney®_^  A.K.  Szakai  ,  and  J.G.  Tew*.  Depts,  of  Microbiology/ 
Hrrnunology*  and  Anatorry  ,  Clin.  Res.  Center  for  Perio.  Disease®,  M^-VCU, 
Ridmond,  m.  23298.  The  periodontal  lesion  is  a  chronically  inflamed  site 
characterized  by  a  plasma  cell  infiltrate.  Evidence  indicating  that 
^riodontal  bacteria  contain  polyclonal  B  cell  activators  is  persuasive  but 
based  solely  on  vitro  ej^riirentation .  This  study's  aim  was  to  determine  if 
j»lyclonal  B  cell  activation  occurs  m  vivo.  Rabbits  with  ligature  induced, 
periodontitis  were  iranunized  in  the  hind  footpads  with  horseradish  peroxidase 
(HRP)  ,  a  histochenically  deronstrable  antigen,.  It  was  reasoned  tfiat  if 
polyclonal  B  cell  activation  occured  in  the  inflamed  gingival  tissue  one  should 
be  able  to  find  plaana  cells  secreting  anti“HRP  despite  the  absence  of  HRP  in 
the  gingiva.  E>^riirental  animals  were  boosted  with  HRP  a  week  before  the 
inflamed  gingiva  was  removed.  Plasma  cells  s^cific  for  HRP  were  found  in 
groups  in  the  ^riodontim  of  the  ex^rinental  rabbits  as  denonstrated  by  light 
and  electron  microscopy.  Since  HRP  was  never  introduced  in  the  gingiva  but 
anti-HRP  s^cific  plaarta  cells  were  found  there,  this  sup^rts  the  idea  that 
^lyclonal  B  cell  activation  occurs  in  the  ^riodontiun. 

SuppDrted  by  NIH  Grant  DE  05139. 

SOME  PROPERTIES  OF  A  MODEL  OF  THE  REDOX  PROTON  PUMP.  Donald  C.  Mikulecky 
Dept,  Physiol/Biophys. ,  MCV/VCU,  Richmond,  VA  23298-0001. 

Caplan  and  Pietrobon  recently  introduced  a  model  of  the  redox  proton  pump 
in  mitochondria  and  analyzed  its  energetics  (work  in  press) .  To  illustrate  the 
versatility  of  the  network  thermodynamic  simulation  method  a  version  of  their 
model  was  simulated  using  SPICE2,  In  the  course  of  the  simulation,  some 
interesting  properties  of  the  model  were  investigated.  For  instance,  the  model 
exhibits  a  multi-dimensional  inflection  point,  MIP  (Rothschild,  Ellias,  Essig 
and  Stanley,  Biophys.  £.  3£s 209-230,  1980 i  Essig  &  Caplan,  Proc,  Natl.  Acad. 
Sci.  USA  _78; 1647-1651 ,  1981).  Using  the  simulation  method,  properties  of  the 
model  are  investigated  in  the  region  near  the  MIP  as  well  as  near  equilibriim 
to  test  Essig  and  Caplan *s  hypothesis  that  the  two  regions  are  fundamentally 
the  same  with  regard  to  a  nonequilibrium  thermodynamic  analysis.  A  second 
property  which  is  easily  explored  by  this  method  is  the  amount  of  "slip"  in  the 
pump  mechanisni.  By  use  of  simple  linear  graphical  representation's  of  the 
pump,  the  degree  of  coupling  of  the  proton  flux  to  the  redox  reactions  can  be 
predicted  as  well  as  simulated.  The  relation  between  this  degree  of  coupling 
and  some  more  geometric  properties  of  the  system  will  also  be  discussed. 
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ACTIVATION  AND  LOCALIZATION  OF  DIPEPTIDYL  AMINOPEPTIDASE  II  IN  THE  GUINEA-PIG 
ACROSOME.  Owers,  &  J.K.  MacDonald*,  Department  of  Anatomy,  Virginia 
Commonwealth  University,  Richmond,  VA  23298,  Department  of  Biochemistry, 

Medical  University  of  Charleston,  Charleston,  S.C.  29425.  Unlike  other  tissues 
where  dipeptidyl  amlnopeptldase  II  has  been  identified  directly  in  lysomes  by 
histochemical  methods,  the  acrosomal  enz5rme  requires  prior  activation,  followed 
by  histochemical  procedures.  Activation  occurs  by  storing  the  sperm  in  Veronal 
acetate  buffer  pH7  with  added  0.05%  glucose  for  1-8  days  at  4°C  or  1-4  days  at 
room  temperature  or  1-4  hours  at  37 °C.  Activation  occurs  least  at  pH8  storage, 
moderately  at  pH7  and  most  at  pH4.  The  effect  of  ion  concentration  of  added 
sodium  chloride  to  the  veronal  acetate  buffer  in  amounts  of  3  or  20  mg/ml  did 
not  Increase  the  activation  process.  The  effect  of  the  fixative  10%  formalin 
for  12-24  hours  or  1-7  days  did  not  inhibit  the  activated  enz5mie,  but 
glutaraldehyde,  in  increasing  concentrations  from  0.05%,  1,  and  2%  was  strongly 
inhibitory.  Sufficient  enzyme  activity  was  retained  with  0.05%  glutaraldehyde 
for  1  hour  at  4®  to  make  this  procedure  useful.  It  was  also  discovered  that 
air  dried  sperm  smears  retained  DAP  II  activity.  A  new  procedure  for 
histochemical  localization  of  DAP  II  in  sperm  will  be  described  based  on  the 
parameters  given  above. 

THE  DISTRIBUTION  AND  KINETICS  OF  NUCLEI  IN  RAT  OSTEOCLASTS.  W.L.  Ries*,  J.K. 
Gong**,  J.C.  Gunsolley*.  *Department  of  Periodontics,  School  of  Dentistry,  Va. 
Commonwealth  Univ.,  Med.  Col.  of  Va.,  Richmond,  VA  23298;  **Dept.  of  Oral  Biol., 
School  of  Dentistry,  SUNY  at  Buffalo,  Buffalo,  NY  14214.  Osteoclasts  from 
proximal  tibiae  of  young  rats  were  isolated  in  smears  by  a  brush  technique  at 
various  time  intervals  over  a  6  day  study  period  following  a  single  IP  injection 
of  tritiated  thymidine.  Using  additional  animals,  flat  bone  specimens  were 
prepared  from  proximal  tibiae  after  removal  of  muscle  and  fibrous  periosteum  and 
stained  for  light  microscopy.  The  distribution  of  the  number  of  nuclei  per 
osteoclast  (N/0)  in  situ  was  similar  to  those  in  smears.  The  distribution  of 
N/0  types  in  smears  was  near  steady  state  over  the  study  period.  Autoradiographs 
showed  that  osteoclast  nuclei  labeled  at  12  hrs.  The  percentage  of  labeled 
osteoclasts  increased  over  the  period.  The  rate  of  osteoclast  labeling  was 
greatest  between  36  and  82  hrs.  The  mean  nuclear  number  for  labeled  osteoclasts 
was  significantly  higher  than  for  those  nonlabeled.  A  positive  correlation 
existed  between  percent  labeled  osteoclasts  and  N/0.  However,  the  percentage  of 
labeled  osteoclast  nuclei  was  not  significantly  affected  by  N/0.  The  data 
suggest  that  large  N/0  type  osteoclasts  turn  over  many  nuclei  and/or  fission 
into  smaller  N/0  types. 


APOLIPOPROTEIN  MEASUREMENT  IN  PATIENTS  ON  HYDROCHLOROTHIAZIDE.  N.  Rifai,  M.  E. 
King,  Dept,  of  Path.,  J.  T.  Wright,  Dept,  of  Pharmacol.,  R.  P.  Goodman,  Dept,  of 
Med.,  and  J.  M.  McKenney,  Dept,  of  Pharm.,  Med.  Col.  of  Va.,  Richmond,  VA. 

23298. 

Recent  studies  have  suggested  that  diuretics  increase  coronary  heart  deaths, 
possibly  through  adverse  effects  on  lipoprotein  metabolism.  Use  of  smaller 
diuretic  dosages  has  been  recommended  to  avoid  this  problem.  We  studied  the 
effects  of  low  and  high  doses  of  hydrochlorothiazide  (HCTZ)  on  the  lipoprotein 
status,  blood  pressure,  and  potassium  of  a  group  of  black  post-menopausal 
female  hypertensives.  We  developed  immunoturbidimetric  assays  for  the  assess¬ 
ment  of  the  apol ipoproteins  (apo)  A,  AI,  All  and  B  in  these  patients.  Both  drug 
regimens  produced  significant  reduction  in  sitting  systolic  and  diastolic  blood 
pressure.  Only  the  high  dose  reduced  the  potassium  levels.  Both  HCTZ  doses 
produced  a  significant  increase  in  total  cholesterol,  low  density  lipoprotein 
cholesterol,  and  apo  B  and  a  significant  decrease  in  apo  AI.  These  results 
suggest  that  low  dosages  of  HCTZ,  while  controlling  blood  pressure  and  prevent¬ 
ing  hypokalemia,  do  not  protect  against  the  alterations  in  lipoprotein  meta- 
bol ism. 
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GLUCOCORTICOID  REGULATION  OF  HEPATIC  GLUCOCORTICOID  RECEPTORS  IN  VIVO  AND  ITS 
RELATIONSHIP  TO  INDUCTION  OF  TYROSINE  AMINOTRANSFERASE  (TAT)  ACTIVITY.  T.A. 
Shi3rwany* ,  J.R.  Hubbard,  and  M.  Kalimi*,  Dept,  of  Physiol.,  Med.  Col.  of  Va., 

Va.  Commonwealth  Univ. ,  Richmond,  VA  23298.  Regulation  of  rat  hepatic 
glucocorticoid  receptors  (GR)  was  studied.  Injection  of  1  mg  dexamethasone  or 
corticosterone  into  200  g  ADX  rats  caused  a  rapid  decline  in  GR  binding.  GR 
levels  were  depressed  80-90%  in  less  than  15  min  after  hormone  treatment,  and 
remained  low  for  about  24h.  48-72h  after  glucocorticoid  administration,  almost 
complete  GR  binding  was  regenerated.  Regenerated  GR  binding  could  be 
redepressed  by  a  second  injection  of  hormone.  Similar  results  were  obtained 
using  normal  (not  ADX)  rats.  Induction  of  TAT  activity  (measured  2h  after  a 
second  injection  of  glucocorticoid)  correlated  with  GR  levels.  Thus  1  mg 
dexamethasone  or  corticosterone  greatly  enhanced  liver  TAT  activity  in  ADX  rats 
(not  hormone  treated)  and  in  ADX  rats  injected  72h  previously  with  1  mg 
glucocorticoid  hormone.  Enhancement  of  TAT  activity  was  lowest  16-24h  after 
the  first  hormone  injection  (when  receptor  levels  were  extremely  low) .  These 
results  indicate  that  glucocorticoids  reversibly  down-regulate  hepatic 
receptors,  and  that  induction  of  liver  TAT  actiyity  by  glucocorticoid  hormones 
is  dependent  on  GR  levels, 

KINETICS  OF  ENDOTHELIAL  CELLS  DURING  NEOVASCULARIZATION.  M.M.  Sholley,  G.P. 
Ferguson,  H.R.  Seibel,  J.L.  Montour  and  J.D.  Wilson,  Depts.  of  Anatomy  and 
Radiology,  MCV-VCU,  Richmond,  VA  23298.  Neovascularization  is  a  process  char¬ 
acteristic  of  diverse  pathological  and  physiological  states.  We  studied  endo¬ 
thelial  cellular  kinetics  during  inflammatory  neovascularization  of  the  rat  cor¬ 
nea.  Inflammation  was  induced  with  silver  nitrate  cauterization,  cellular  pro¬ 
liferation  was  assessed  with  tritiated-thymidine  autoradiography  and  nuclear 
counts,  and  formation  of  new  vessels  was  studied  on  whole-mount  preparations 
perfused  with  colloidal  carbon.  To  determine  whether  vascular  sprouting  re¬ 
quires  endothelial  cell  division,  proliferation  was  suppressed  by  X-irradiation 
prior  to  cauterization.  In  irradiated  corneas  displaying  no  cellular  prolifera¬ 
tion,  vascular  sprouting,  at  2  days  was  similar  to  that  in  contralateral  shielded 
corneas.  Vascular  growth  continued  in  irradiated  corneas  between  2  and  4  days, 
but  the  length  of  vascular  ingrowth  was  reduced  to  66.7  and  53.4%  of  control 
after  2000  and  8000  rads,  respectively.  Vascular  ingrowth  did  not  progress  in 
irradiated  corneas  after  4  days.  This  study  demonstrates  that  initial  vascular 
sprouting  does  not  require  proliferation  of  endothelial  cells,  although  in  con¬ 
trol  corneas  DNA  synthesis  would  be  progressing  at  the  time  of  initial  sprout¬ 
ing.  Cellular  migration  alone  apparently  enables  initial  vascular  sprouting. 

STABILITY  OF  ACTIVATED  CLOTTING  FACTOR  X  (Xa)  IN  CULTURED  RAT  HEPATOCYTES .  M, 
Sun*,  Mil,  and  GD  Qureshi,  M.D.,  Dept,  of  Medicine,  Medical  College  of  Virginia, 
Richmond,  Va.  23298.  Clotting  factor  X  is  a  zymogen  that  is  activated  into  a 
serine  protease  during  coagulation.  Once  activated,  this  protease  must  be 
inactivated  to  maintain  blood  fluidity.  Earlier  studies  have  suggested  the 
liver  to  be  the  site  of  inactivation  of  activated  clotting  factors.  Recently 
ATIII  has  been  shown  to  Inactivate  Xa  in  plasma.  To  investigate  more  fully  the 
role  of  liver,  we  studied  the  stability  of  Xa  in  hepatocyte  cultures.  Rat 
hepatocyte  cultures  were  prepared  according  to  the  method  of  Bissell  et  al. 
After  a  24  h  incubation,  0.5  u/ml  of  100%  activated  bovine  Xa  was  co-cultured 
with  hepatocytes  for  8  hrs.  Samples  were  collected  at  0,  1/2,  1,2,4  and  8  hrs. 
and  tested  for  Xa.  Only  41,07%  of  the  initial  Xa  activity  remained  at  the  end 
of  8  hrs.  Xa  inactivation  was  not  affected  by  heparin  (1  u/ml)  and  estradiol 
(12,5,  25,  125  nM) ,  a  potentiator  and  inhibitor  of  antithromb|.n  III, 
respectively.  Inactivation  of  Xa  was  inhibited  by  cyclohexlmide  (10  M) .  We 
conclude  that  factor  Xa  is  unstable  in  hepatocyte  cultures.  Its  inactivation 
appears  to  be  mediated  by  a  hepatic  derived  protein  factor (s)  which  does  not 
meet  the  functional  characteristics  of  antithrombin  III, 
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ATTENUATION  OF  PHENCYCLIDINE  TOXICITY  IN  RATS  BY  INTERVENTION  WITH  AMMONIUM 
CHLORIDE,  CHOLESTYRAMINE  AND  CHARCOAL.  Brian  F.  Thomas*  and  Billy  R.  Martin, 
Dept,  of  Pharmacol ./Tox. ,  MCV/VCU,  Richmond,  Vl  23298.  Acute  phencyclidine 
intoxifi cation  is  frequently  treated  with  rigorous  gastric  suction  followed  by 
urinary  acidification  and  activated  charcoal  gavage.  In  order  to  investigate 
the  effectiveness  of  these  treatments,  male  Sprague-Dawley  rats  were 
administered  PCP-HCl  (100  mg/kg,  p.o.)  followed  by  oral  gavage  of  activated 
charcoal  or  Questran  (44%  cholestyramine)  slurries  (1  g/kg)  at  0.75,  2.75  and 
4.75  hr.  Ammonium  chloride  given  p.o.  (2.5  meq/kg)  at  0.75,  1.75,  2.75,  3.75, 
4.75,  5.75  and  6.75  hr  decreased  urine  pH  by  1.6  units.  The  time  course  of  PCP 
intoxication  was  determined  by  using  the  rotarod  to  measure  motor  incoordina¬ 
tion.  PCP-intoxicated  rats  treated  with  ammonium  chloride  or  charcoal 
recovered  at  12  and  14  hr,  respectively,  while  those  treated  with  water 
recovered  at  19  hr.  No  difference  in  time  to  recovery  was  seen  between  the 
cholestyramine-  and  water-treated  rats.  The  results  indicate  that  under  these 
conditions  either  ammonium  chloride  or  charcoal  treatment  can  successfully 
increase  the  rate  of  recovery,  whereas  cholestyramine  has  no  effect  on  recovery 
from  PCP  intoxification.  Supported  by  NIDA  grant  DA-02396. 


THE  EFFECT  OF  CALCITONIN  ALONE  AND  IN  COMBINATION  WITH  MORPHINE  ON 
ANTINOCICEPTIVE  TESTS  IN  MICE.  S.P.  Welch,  C.  Cooper  and  W.L.  Dewey. 

Dept,  of  Pharmacol.,  MCV/VCU,  Richmond,  VA  23298  and  Univ.  of  Texas 
Med.  Br. ,  Galveston,  TX. 

Recent  evidence  indicates  that  calcitonin  exists  in  the  brain  and 
produces  effects  on  pain  threshold,  eating  and  drinking  upon  central 
administration.  In  our  studies,  ether-anesthetized  mice  were  injected 
i.v.t.  with  salmon  calcitonin  (sCT)  and  tested  2  hrs  later  for  antino¬ 
ciception.  sCT  produced  a  naloxone  reversible  analgesic  response  in  both 
tail-flick  (TF)  and  hot-plate  (HP)  tests.  Respective  ED50's  were  952  ng 
and  1.35  ug/mouse.  sCT  produced  a  non-naloxone  reversible  analgesic 
response  in  the  £^^henylquinone  (PPQ)  test  (ED50=  362  ng/mouse)  that  was 
antagonized  by  Ca  .  sCT  produced  a  biphasic  shift  of  the  morphine  (MS04) 
ED50  in  both  TF  and  PPQ  tests.  This  shift  was  naloxone  reversible  in  only 
the  TF  test.  sCT  was  not  cross  |^lerant  to  MS04  in  the  PPQ  test. 

We  propose  that  sCT  may  alter  Ca  fluxes  thereby  modulating  MS04 
antinociceptive  via  opiate  and  non-opiate  mechanisms. 

Supported  by  USPHS  grant  #DA-01647,  AM-32060  and  T32  DA-07027. 


THE  EFFECTS  OF  PREGNANCY  ON  THE  PASSIVE  MECHANICAL  PROPERTIES  AND  ULTRASTRUCTURE 
OF  BLOOD  VESSELS.  ^.F^.  Wessel  Jr.*  and  J.L.  Hart,  Dept,  of  Biol.,  George  Mason 
Univ.,  Fairfax,  VA  22030.  The  aim  of  this  research  was  to  determine  if  changes 
in  the  physical  properties  of  blood  vessels  contribute  to  the  pregnancy  induced 
cardiovascular  changes  and  to  see  if  these  functional  changes  are  correlated 
with  structural  changes  in  the  blood  vessel  wall.  In  order  to  compare  the  phys¬ 
ical  properties  of  blood  vessels,  the  thoracic  aorta,  abdominal  aorta  and  carot¬ 
id  artery  were  removed  from  each  of  5  non-pregnant  and  five  20-day  pregnant 
rats.  The  thoracic  aorta  was  also  removed  from  five  10-day  pregnant  rats.  Seg¬ 
ments  were  suspended  in  Kreb's  filled  tissue  baths  at  37°C  and  length-passive 
tension  relationships  were  determined.  All  3  blood  vessels  from  the  20-day 
pregnant  rats  showed  significantly  less  tension  with  change  in  length  when  com¬ 
pared  to  the  non-pregnant  rats  with  the  greatest  differences  occurring  in  the 
elastic  thoracic  aorta.  The  thoracic  aorta  from  10-day  pregnant  rats  showed  no 
significant  difference  in  tension  with  change  in  length  when  compared  to  non¬ 
pregnant  rats.  The  col lagen/elastin  ratio  in  the  thoracic  aorta  wall  from  20- 
day  pregnant  rats,  as  determined  by  stereological  analysis  of  electron  micro¬ 
graphs,  was  significantly  less  when  compared  to  non-pregnant  rats.  These  phys¬ 
ical  and  structural  changes  may  contribute  to  the  cardiovascular  adaptations. 
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INCORPORATION  OF  MNNOSE  INTO  LIPID-LINECED  OLIGOSACCMRTOES  IN  CRYFIDCQCCUS 
NEOFO^I^S .  Catherine  W.  lM.te ,  Biochen.  Dept.,  tfed.  Col.  of  ViTT  Mc5imd[, 

Va.  23298 ,  &  Eric  S.  Jacobson,  Res.  Service,  ^Guire  V.A.  Ifed.  Ctx . ,  Rictaond, 
Va.  23249.  M  vitro  incorporation  of  frcM  (DP- (l-^C)inarmose  into  lipid- 
linked  oligosaccharides  te.s  been  studied  in  Cryptococcus  neoformans ,  follwdng 
a  Huffak^  and  Robbins  procedure.  Incubat  ionor  ’  a '  pStrcuIiti~5^t  ion  with 
GDP- (^^)mannose  md  UDP-N-acetylglucosamlne  is  followed  by  detraction  of  lip¬ 
id-linked  oligosaccharides.  After  mild  acid  hydrolysis  the  lipids  are  ranoved 
and  the'  remaining  oligosaccharide  fractiOTi  is  separated  Into  its  cOTponmts  on 
Bio-Gel  P-4.  Ihe  largest  ccupomd  contains  11  sugars,  cOTisistent  with  the  imi- 
vorsal  core  caipound.  Betwem  that  peak  and  the  single  mamose  peak  there  are 
at  least  3  Intermediate  peaks.  Such  a  pattern  indicates  the  usual  N-aspara- 
gine-linked  glycoprotein  synthesis,  not  previously  daionstrated  in  Cryptococ- 
cus.  Our  strain  of  Cryptococcus  neoformans  has  a  capsule  mth  a  5-sugar  re¬ 
peating  unit  (3  mannoies7~a~g1^curonate ,  and  a  s^lose) .  Using  the  same  systan 
but  changing  to  the  appropriate  nucleoside  diphosphate- sugars  In  the  incubation 
mixture,  a  peak  equivalent  to  a  5- sugar  caipound  ms  detected,  This  is  consis¬ 
tent  with  capsular  synthesis  via  a  5~sugar  phospho-dolichol  canpound. 

(Supported  by  the  Veterans  AcMnistration.) 


POTENTIAL  DRUGS  FROM  4-KETO  PHENCYCLIDINE  (PCP) .  R.  L,  Williams  and  J. 
Herndon,  Dept*  of  Chemical  Sciences,  Old  Dominion  Univ.,  Norfolk,  VA  23508. 
Earlier  reports  from  this  laboratory  have  described  the  synthesis  and  evaluation 
of  4-hydroxy,  4-phenyl  PCP  which  was  found  to  possess  interesting  analgesic 
activity.  ¥e  now  wish  to  describe  the  synthesis  and  evaluation  of  several  in¬ 
teresting  carbonyl  derivatives  of  4-keto  PCP  (1) .  The  corresponding  oxime  (2) , 
hydrazone  (3)  and  the  azine  (4)  have  all  been  prepared  and  found  to  not 
possess  any  significant  PCP  agonist  or  antagonist  activity  vivo «  The  most 
interesting  compound  the  oxime  (2)  has  been  characterized  as  an  effective 
cholinergic  agonist  in  mice. 


DRUG  INDUCED  EXPLOSIVE  MOTOR  BEHAVIOR  (EMB) ;  AN  UPDATE.  R.  L.  Williams 
and  E,  Hux,  Dept,  of  Chemical  Sciences,  Old  Dominion  Univ.,  Norfolk,  VA  23508, 
Explosive  motor  behavior  (EMB)  has  been  documented  to  be  produced  by  a  variety 
of  chemical  agents  Including  ACTH,  morphine,  heroin,  Na^SOj^,  EGTA  etc.  More 
recently  we  have  described  the  production  of  this  phenomena  via  Ip  injections 
of  a  unique  heterocyclic  ligand  (1),  We  have  now  investigated  the  intracerbro- 
ventricular  injection  of  this  compound  together  with  several  interesting  calcium 
antagonists  and  calcium  agonists  and  will  attempt  to  correlate  the  observed  EMBs 
with  the  possible  mode  of  action  of  these  drugs. 
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Microbiology 

CLONING  OF  THE  GENES  ENCODING  GLUCOSE-6-PHOSPHATE  DEHYDROGENASE 
AND  2-KETO-3--DEOXy-6~PHOSPHOGLUCONATE  ALDOLASE  IN  PSEUDOMONAS 
AERUGINOSA.  Robert  C.  Bass  and  P.  V.  Phibbs  Jr.  Dept,  of 
Microbiol.,  Medical  Col.  of  VA. ,  VA.  Commonwealth  Univ. , 
Richmond,  VA.  23298.  A  Sau3A  restriction  fragment  (ca.  11  kb  )  of 
the  Pseudomonas  aeruginosa  PAO  chromosome  containing  at  least  two 
genes  involved  in  carbohydrate  catabolism  was  cloned  into  the 
unique  BamHI  site  of  vector  pR01614.  Mutant  strains  deficient  in 
glucose“6“phosphate  dehydrogenase  (ZWF),  or  2-keto-3-deoxy~6- 
phosphogluconate  aldolase  (EDA) ,  regained  wild  type  growth  on 
carbohydrates  when  transformed  with  the  chimeric  plasmid  pVP3000. 
Enzyme  assays  confirmed  restoration  of  the  specific  enzyme 
deficiencies  in  mutants  transformed  with  pVP3000,  but  not  with 
the  vector  pR01614.  These  results  confirm  earlier  mapping  data 
demonstrating  that  the  genes  eda  and  zwf  are  tightly  linked  on 
the  PAO  chromosome.  This  insert  may  overlap  with  a  previously 
cloned  fragment  that  contains  the  cotransducible  hexose  catabolic 
genes  glK]  edd,  hexR  and  glcTl. 

RESOLUTION  OF  FIVE  PROTEIN  PHOSPHATASES  FROM  DICTYOSTELIUM  DISCOIDEUM. 

Douglas  K.  Ferris*  &  Charles  L,  Rutherford*  ,  Dept,  of  Biol,,  Va.  Polytechnic 
Inst,  &  State  Univ. ,  Blacksburg,Va,  24061,  We  are  examining  the  regulation 
of  gene  activity  and  metabolism  by  cAMP  in  Piety os telium  discoideum.  Our 
current  effort  is  directed  towards  determining  the  relationship  between  the 
cAMP  dependent  protein  kinase,  its  substrates  and  the  protein  phosphatases. 

We  have  begun  to  isolate  and  characterize  the  different  phosphatase  activities 
present  in  Piety os telium.  Five  protein  phosphatases  can  be  resolved  from 
each  other  and  from  acidic,  neutral  and  basic  para-nitrophenyl  phosphate 
phosphatase  activities  by  a  combination  of  anion  exchange,  gel  filtration 
and  affinity  chromatography.  Three  of  these  dephosphorylate  the  artificial 
heptapeptide  Kemptide  and  the  other  two  preferentially  dephosphorylate 
histones  which  have  been  phosphorylated  by  the  cAMP  dependent  kinase.  The 
molecular  weights  of  these  activities  range  from  40  to  120  kilo  daltons 
and  preliminary  evidence  suggests  that  the  higher  molecular  weight  activities 
are  composed  of  subunits. 


EFFECT  OF  SEDIMENT  ENRICHMENT  ON  BACTERIAL  COMMUNITY  COMPOSITION  IN  AQUATIC 
MICROCOSMS.  Jamie  W.  Grooms  and  F.  L.  Singleton,  Department  of  Biological 
Sciences,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  The  influence  of  nutrient 
enrichment  of  the  structure  of  culturable  bacterial  communities  has  been  eval¬ 
uated.  With  increasing  nutrient  concentration  the  proportion  of  the  hetero- 
trophic  bacterial  community  consisting  of  Vibrio  species  increased.  Laboratory 
microcosms  were  established  with  water  collected  from  the  Elizabeth  River. 

After  allowing  the  microcosms  to  stabilize  for  four  days  sterile  sediment 
collected  from  a  highly  polluted  region  of  the  Elizabeth  River  was  added.  As 
the  incubation  temperature  was  increased  from  4  C  to  30  C,  the  period  required 
for  the  bacterial  community  to  stabilize  decreased.  Vibrio  species  were 
predominant  in  sediment-enriched  microcosms.  The  potential  for  selection  of 
species  in  aquatic  systems  as  a  result  of  enrichment  by  anthropogenic  materials 
can  be  evaluated  in  this  manner.  However,  caution  must  be  exercised  when 
attempting  to  apply  results  obtained  from  microcosms  to  natural  systems. 
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INTERACTIONS  BETWEEN  CHROMOGENIC  MARINE  BACTERIA  AND  PATHOGENIC  VIBRIO  SPECIES. 
John  Ij.  Harris  and  F.  L.  Singleton.,  Department  of  Biological  Sciences,  Old 
Dominion  Univ.,  Norfolk,  VA  23508.  Chromogenic  heterotrophic  marine  and 
estuarine  bacteria  were  isolated  from  watei;  algae,  detritus  and  marine  animals. 
All  chromogenic  bacterial  isolates  were  tested  for  their  ability  to  grow  in 
laboratory  microcosms  which  consisted  of  sterilized  Chesapeake  Bay  water  in 
sterile,  acid-cleaned  flasks.  Chromogenic  strains  which  grew  in  microcosms 
were  employed  in  experiments  designed  to  evaluate  interactions  with  pathogenic 
Vibrio  species.  Two-member ed  microcosms  were  established  with  a  selected 
Vibrio  species  and  a  chromogenic  strain.  Interaction  between  the  species  was 
evaluated  on  the  basis  of  population  sizes  in  mixed  and  axenic  control  micro¬ 
cosms.  Some  chromogenic  strains  were  found  to  significantly  reduce  the  pop¬ 
ulations  sizes  of  test  Vibrio  species.  The  potential  application  of  such 
results  for  bio-control  of  disease-causing  bacteria  in  fish  and  shellfish 
hatcheries  is  under  investigation.  Also,  the  biochemical  basis  of  such  inter¬ 
actions  is  being  considered. 


ANALYSIS  OF  MONOCLONAL  ANTIBODIES  TO  BOVINE  PARVOVIRUS  CAPSID  AND  NONCAPSID 
PROTEINS.  K.  W.  King,  G.  Schurig,  R.  C.  Bates,  M.  Lederman,  and  E.  R.  Stout,  Dept. 
Biology,  VPI  and  SU,  Blacksburg,  VA  2k06l.  Mouse  hybridomas  prepared  against 
bovine  parvovirus  (BPV)  capsids  and  the  noncapsid  protein,  NP-1,  were  screened 
by  various  immunodetection  methods.  One  method  involved  labeling  BPV-infected  or 
mock-infected  cells  with  35s_niethionine ,  incubating  the  cell  lysates  with  mouse 
monoclonal  (McAb)  or  rabbit  polyclonal  (PcAb)  antibody,  immunoprecipitating  with 
S .  aureus  cells,  and  then  separating  the  proteins  by  gel  electrophoresis  followed 
by  autoradiography.  A  second  method  employed  transfer  of  separated  proteins  to 
nitrocellulose  by  Western  Blotting,  incubating  first  with  McAb  or  PcAb  followed  by 
a  second  Ab  step.  Specific  reactions  were  visualized  by  autoradiography  or 
development  of  color.  Color  development  was  more  sensitive  than  autoradiography. 
Anti-NP-1  Ab  reacted  with  NP-1,  and  cross-reacted  with  capsid  and  cellular  protein. 
Anti-capsid  Ab  reacted  with  capsid  proteins,  but  cross-reacted  with  only  NP-1. 
Also,  interaction  of  capsid  protein  was  detected  only  when  nondenatured  protein 
was  used,  while  interaction  between  noncapsid  protein  and  McAb  was  detectable 
only  when  denatured  proteins  were  used.  This  suggests  that  the  capsid  Ab 
recognizes  a  discontinuous  epitope,  disrupted  by  denaturation ,  while  anti-NP-1 
McAb  and  PcAb  recognizes  an  epitope  accessible  only  after  denatirration. 


CHARACTERIZATION  OF  A  MONOCLONAL  ANTIBODY  AGAINST  HORSERADISH  PEROXIDASE i 
EPITOPE  SPECIFICITY  AND  REACTIVITY  WITH  PLANT  PEROXIDASES.  Clara  S . 
Madalengoitia  &  James  M.  Conroy,  Dept,  of  Biol.,  Va.  Polytechnic  Inst,  and 
State  Univ.,  Blacksburg,  Va.  24061.  A  monoclonal  antibody  (12G5)  specific  for 
a  basic  horseradish  peroxidase  (HRP  G)  reacts  with  an  epitope  contained  in 
residues  118-212  of  the  enzyme.  Localization  of  the  epitope  was  determined  in 
immunoblotting  experiments  by  testing  the  reactivity  of  12G5  with  large  frag¬ 
ments  of  apoperoxidase  generated  by  chemical  and  enzymatic  cleavage  methods . 

The  antibody  cross  reacts  with  basic  peroxidases  from  turnip  and  radish. 
Although  polyclonal  antibody  against  HRP  C  cross  react  with  acidic  horseradish 
peroxidases  and  basic  peroxidase  from  carrot,  12G5  does  not.  In  addition, 

12G5  does  not  bind  to  a  basic  parsnips  peroxidase.  A  likely  site  for  the  epi¬ 
tope  recognized  by  12G5  is  the  region  surrounding  residue  170  that  is  most 
strongly  conserved  in  basic  turnip  and  horseradish  peroxidases.  Residues  180- 
226  in  these  enzymes  are  very  dissimilar.  However,  further  experimentation  is 
necessary  to  more  precisely  define  the  epitope.  The  binding  of  12G5  to  HRP  C 
does  not  result  in  inhibition  of  enzyme  catalytic  activity  nor  does  it  prevent 
the  binding  of  Inhibitory  antibodies  to  the  enzyme. 
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PRODUCTION  OF  ANTIMICROBIAL  COMPOUNDS  BY  CULTURABLE  HETEROTROPHIC  MARINE  AND 
ESTUARINE  BACTERIA.  Linda  Mangiaracina  and  F.  L.  Singleton.  Department  of 
Biological  Sciences,  Old  Dominion  Univ.,  Norfolk,  VA  23508.  Epiphytic  and  epi- 
zooic  heterotrophic  bacteria  were  isolated  from  a  variety  of  marine  and  estuar¬ 
ine  plants  and  animals.  The  isolates  were  assayed  for  the  ability  to  produce 
bioactive  metabolites.  Several  bacterial  isolates  were  detected  to  produce 
compounds  inhibitory  to  the  growth  of  other  bacteria.  Generally,  gram-positive 
indicator  species  were  inhibited  more  frequently  than  gram-negative  indicator 
species.  Some  marine  isolates  produced  metabolites  which  inhibited  a  variety 
of  bacteria,  including  Pseudomonas  aeruginosa ,  Staphylococcus  aureus ,  and 
Escherichia  coli .  A  taxonomic  analysis  of  the  marine  and  estuarine  isolated 
demonstrated  that  the  majority  were  members  of  the  genera  Vibrio ,  Pseudomonas , 
Flavobacterium .  Studies  designed  for  the  isolation,  purification,  and 
identification  ot  the  bioactive  metabolites  are  ongoing. 


CATALASE  ACTIVITY  AND  THE  USE  OF  HEAT  INACTIVATION  IN  DIFFERENTIATING  MYCO- 
BACTERIUM  AVIUM,  M.  INTRACELLULARE ,  AND  M.  SCROFULACEUM.  Brian  K.  Mayer,  J.O. 
Falkinham,  III,  and  E.M.  Gregory.  Depts,  of  Biology  and  Biochemistry,  VPI  &  SU, 

The  catalase  activities  of  Mycobacterium  avium,  M,  intracellulare  and  M.  scrof- 
ulaceum  reference  strains  were  measured  to  determine  if  any  differences  existed 
between  representatives  of  the  three  species.  M.  scrofulaceum  isolates  were 
shown  to  have  the  highest  catalase  activity,  while  both  M.  intracellulare  and  M. 
avium  had  significantly  lower  activities.  The  percentage  of  catalase  activity 
remaining,  after  exposing  cell-free  extracts  to  53^ C  for  50  minutes,  allowed 
differentiation  between  all  three  species.  M.  in trace 1 lular e  catalase  was  very 
sensitive  to  heat  inactivation  retaining  only  14,5%  activity.  By  contrast,  M, 
avium  catalase  was  intermediate  in  susceptibility  with  53,2%  activity  remaining 
after  50  minutes  at  53^ C,  while  M.  scrofulaceum  catalase  was  very  resistant  and 
retained  83.5%  activity.  Polyacrylamide  gel  electrophoresis  of  crude  extracts 
demonstrated  two  bands  of  catalase  activity  in  both  M,  intracellulare  and  M, 
avium  extracts  and  four  bands  of  activity  in  M,  scrofulaceum  extracts.  These 
bands  differed  in  their  susceptibility  to  heat  inactivation  and  inhibition  by 
3-amino-l , 2 , 4-triazole .  (Supported  by  Public  Health  Service  Grant  AI-13813) 

MOLECULAR  CHARACTERIZATION  OF  RABBIT  PARVOVIRUS.  J.  B.  Metcalf,  B.  C.  Shull, 

M.  Lederman,  and  R.  C.  Bates,  Dept.  Biology,  VPI&SU,  Blacksburg,  VA  24o6l. 

Rabbit  Parvovirus  (LPV)  is  a  member  of  the  ssDNA  autonomously  replicating 
parvoviruses.  The  majority  of  parvoviruses  have  two  major  capsid  proteins,  but 
bovine  parvovirus  (BPV)  and  LPV  have  three  major  capsid  proteins.  To  identify 
similarities  between  the  LPV  and  BPV  genomes  viral  DNA  of  LPV  was  isolated,  in 
vitro  replicated,  and  cloned  into  the  plasmid  pUC8.  Eco  RI  and  Pst  I  digestion  of 
the  cloned  LPV  DNA  and  LPV  virion  DNA  suggested  that  there  are  three  Eco  RI  sites 
and  a  single  Pst  I  site  present  in  the  LPV  genome.  If  one  of  the  Eco  RI  cleavage 
sites  is  assumed  to  be  located  in  the  area  of  conserved  Eco  RI  sites  of  other 
parvoviruses  (i.e.  map  unit  16-23),  then  the  tentative  restriction 
enzyme  cleavage  map  shares  similarities  with  BPV  and  two  rodent  viruses;  MVM  and 
KRV.  This  comparison  and  our  data  showing  that  the  size  of  the  LPV  genome  is 
slightly  larger  than  the  5*5  kilobases  of  the  BPV  genome  suggest  LPV  may  have  an 
evolutionary  relationship  intermediate  to  the  rodent  and  bovine  parvoviruses. 
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GLYCOGEN  PHOSPHORYLASE  IN  DICTYOSTELIUM  DISCOIDEUM.  Venil  Naranan,  &C.L.  Ruth-- 
erford.*  Dept,  of  Biol,,  Va  Tech,  Blacksburg,  Va,  24061,  We  are  testing  the 
hypothesis  that  Cyclic  AMP  regulates  cellular  differentiation  in  the  slime  mo¬ 
ld  Piety ostelium  discoideum.  To  date  we  have  shown,  that  the  Cyclic  AMP  depen¬ 
dent  protein  kinase,  (  the  only  known  mediator  of  Cyclic  AMP  effects)  peaks 
during  the  middle  of  the  organism's  life  cycle.  Identification  of  the  in  vivo 
substrates  of  the  kinase  are  under  way.  The  enz5mie  Glycogen  Phosphorylase  is 
a  potential  kinase  substrate,  since  it  peaks  during  mid-late  development  and 
is  essential  for  stalk  cell  differentiation.  We  have  recently  shown  that  the 
Phosphorylase  exists  in  active  and  inactive  forms , termed'*a''  and  "b"respectiv- 
ely.  This  project  will  determine  whether  the  Phosphorylase  *'b  "  is  converted 
into  the  "a"  form  by  a  phosphorylation  event  catalyzed  by  the  kinase; or  whet¬ 
her  the  two  forms  really  represent  separate  gene  products.  Activation  of  par¬ 
tially  purified  Phosphorylase  "b"  by  exogenous  ATP  lends  support  to  the  form¬ 
er  hypothesis,  wheras  data  obtained  by  immunoblotting  samples  of  Phosphorylase 
"a"  and  "b"  with  Anti-  phosphorylase  "b" ,  favour  the  latter  hypothesis.  We 
are  continuing  experiments  that  will  resolve  the  issue. 


MOLECULAR  ORGANIZATION  AND  EXPRESSION  OF  THE  gtfA  GENE  OF  STREPTOCOCCUS 
MUTANS  LM7.  Michael  J.  Pucci*  and  Francis  L.H^crina,  Va. “Commonwealth 
Univ.,  Richmond  Va.  23298.  Streptococcus  mutans  LM7  chromosomal  DNA  was 
partially  digested  with  EcoRI  and  1 i gated  into  the  positive  selection 
plasmid  vector  p01203(A2^ir  The  ligation  mixture  was  transformed  into 
Escherichia  col i  and  clones  were  screened  for  their  ability  to  ferment 
raffinose.  One  raffinose  fermenting  clone  was  obtained  and  found  to  have 
sucrase  activity.  This  clone,  V1009,  contained  a  plasmid  with  an  insert 
consisting  of  four  EcoRI  fragments  totalling  about  10.3  kilobases.  Subse¬ 
quent  subcloning  indicated  that  a  2.4  kb  fragment  was  essential  for  sucrase 
activity.  E.  col i  minicell  experiments  revealed  a  gene  product  of  55  kdal 
from  this  fragment  and  two  additional  polypeptides  of  45  kdal  and  35  kdal 
from  flanking  DNA  regions.  A  streptococcal  -  E.  col i  shuttle  vector  con¬ 
taining  the  sucrase  gene  (gtfA)  was  transformed  into  Streptococcus  sanguis 
and  resulted  in  elevated  levels  of  alcohol -insoluble  |nd  water-insoluble 
glucans  from  crude  extracellular  fractions  of  the  sue  S.  sanguis  strain. 

Our  hypothesis  is  that  the  gtfA  gene  product  works  in  concert  with  other 
glucosyl transferases  to  form  branched,  water-insoluble  glucan  polymers. 

CLONING  AND  SEQUENCE  DETERMINATION  OF  THE  GENOME  OF  BOVINE  PARVOVIRUS.  B.  C.  Shull 
E.  A.  Moses,  R.  C.  Bates,  M.  Lederman,  and  E.  R.  Stout,  Dept.  Biology,  Va  Tech, 
Blacksburg,  VA  24o6l.  Bovine  Parvovirus  (BPV),  a  member  of  the  autonomous 
parvoviruses,  has  a  single-stranded  DNA  genome  of  5500  bases.  Virion  DNA, 
replicated  in  vitro  to  double  stranded  form,  and  replicative  form  DNA  from 
infected  cells  were  used  to  obtain  clones  of  the  three  Eco  RI  fragments  of  BPV 
in  pUC  8  and  9-  These  cloned  DNAs  were  subcloned  into  phage  M13  mp  l8  and  19  for 
dideoxy  chain  termination  sequencing.  The  4.25  KB  Eco  RI  central  fragment  was 
obtained  in  both  orientations  in  each  vector.  Recombinant  plasmids  in  which  the 
BPV  coding  strand  is  in  frame  with  the  coding  strand  of  6  Galactosidase  express  a 
fusion  protein  (BPV  protein  with  C-terminal  g  Galactosidase).  Expression  of  the 
fusion  protein  is  not  under  control  of  the  Lac  promoter,  as  shown  by  experiments 
with  the  Lac  inducer  IPTG.  Expression  appears  to  initiate  within  the  BPV  insert. 
Sequencing  of  the  5'  end  has  proved  difficult  due  to  blocking  of  the  sequencing 
reaction  by  a  region  of  strong  secondary  structure.  A  3'  end  sequence  has  been 
determined.  A  GC  rich  tract  may  be  folded  into  a  base  paired  "T”  structure 
which  resembles  the  3’  end  structure  of  other  autonomous  parvoviruses. 
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DOSE  RESPONSE  ANALYSIS  OF  DIAZEPAM:  EFFECTS  ON  PERFORMANCE  OF  A  SERIAL  DISCRIMINA¬ 
TION  REVERSAL  TASK  IN  RATS.  J.P.  Blount’’',  J.P.  Cotter*  and  L.E.  Jarrard.  Dept, 
of  Psychol.,  Washington  and  Lee  Univ. ,  Lexington,  VA  24450.  Diazepam  is  a  widely 
prescribed  anti-convulsant  that  is  most  often  used  as  a  sedative.  Seven  rats  of 
the  Sprague-Dawley  variety  (average  weight  250  gras)  were  injected  with  one  of 
three  dosages  of  Diazepam  (.5  mg/kg,  1.0  mg/kg  or  2.0  mg/kg)  or  a  control  solution 
and  then  tested  on  a  serial  discrimination  reversal  task.  This  test  offers  2 
portals  of  reinforcement  to  the  animal.  To  perform  the  task  the  animal  must  poke 
its  head  25  times  into  each  portal,  receive  5  reward  pellets  and  then  move  to  the 
other  portal.  Poking  after  the  5  rewards  have  been  received  constitutes  perse- 
verative  errors  while  switching  portals  before  all  rewards  are  received  consti¬ 
tutes  anticipatory  errors.  ■  A  wlthin-subjects  design  was  employed.  Two  days  of 
testing  without  exposure  to  the  drug  were  interspersed  between  each  injection  day. 
Data  was  recorded  for  anticipatory  and  perseverative  errors  as  well  as  time 
required  to  complete  a  test  run.  These  data  will  be  compared  with  studies  in 
which  various  brain  structures  have  been  lesioned.  This  work  was  supported  by  a 
Robert  E.  Lee  Research  Grant. 

THE  EFFECTS  OF  IBOTENATE  LESIONS  OF  NUCLEUS  ACCUMBENS  ON  A  SERIAL  DISCRIMINATION 
REVERSAL  TASK  IN  RATS.  J.P.  Bouffard*,  L.S.  Johnson*,  J.R.  Squires*,  and  L.E. 
Jarrard,  Dept,  of  Psychol.,  Washington  and  Lee  Univ.,  Lexington,  VA  24450. 

Previous  research  has  found  that  aspiration  lesions  of  the  hippocampal  formation 
caused  deficits  in  a  serial  discrimination  reversal  task.  Given  the  existence  of 
hippocampal  formation-nucleus  accumbens  connections,  and  the  potential  importance 
of  such  connections  in  linking  the  limbic  system  with  the  extrapyramidal  motor 
system,  it  seemed  reasonable  to  look  for  similar  deficits  in  the  serial  spatial 
discrimination  reversal  task  in  rats  with  nucleus  accumbens  lesions. 

Sixteen  male  Sprague-Dawley  rats  were  divided  into  a  control  group  (operated 
and  unoperated),  and  an  experimental  group.  The  seven  rats  in  the  experimental 
group  received  ibotenate  lesions  to  nucleus  accumbens;  use  of  the  neurotoxin  in¬ 
sured  that  fibers  of  passage  in  the  nucleus  accumbens  were  not  damaged.  The  task 
used  required  the  rats  to  break  the  beam  of  a  photocell  to  receive  food  on  a 
fixed-ratio  reinforcement  schedule,  alternating  sides  to  receive  all  of  the  food 
reinforcement.  Animals  in  the  experimental  group  made  significantly  fewer  anti¬ 
cipatory  errors  in  this  task  than  control  animals.  Implications  of  these  results 
will  be  discussed. 


INDIVIDUAL  DIFFERENCES  IN  SOLVING  CRYPTOGRAMS.  David  G.  Elmes. 

Joseph  B.  Thompson*,  M.  Andrew  Berlsford*,  Gary  R.  Clements*, 
and  Lester  S.  Johnson*,  Dept,  of  Psychol.,  Washington  and  Lee 
Univ.,  Lexington,  VA  24450.  Previous  experiments  from  our  laboratory 
determined  several  task  characteristics  influencing  the  ease  of 
solving  cryptograms.  We  also  established  that  the  ability  to 
solve  cryptograms  is  independent  of  that  needed  to  solve  anagrams, 
and  we  also  observed  substantial  individual  differences  in  the 
ability  to  solve  cryptograms.  In  the  present  research,  we  examined 
the  subject  characteristics  associated  with  cryptogram  solution 
in  two  samples  of  subjects.  Amongst  the  best  predictors  of  good 
cryptogram  solution  were  high  quantitative  skills  (as  measured 
by  the  SAT)  and  a  high  class  rank  in  secondary  school.  Ability 
to  solve  cryptograms  is  modestly  related  to  verbal  skills  and 
unrelated  to  college  grades.  (Supported  by  R.  E.  Lee  Research 
Grants) 
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YOU  CM  LEAD  A  COLLEGE  STUDENT  TO  LA  BEER  BUT  YOU  CM*T  MAKE  HIM  DRINK.  Sandra 
L.  Forrest  &  Nason  W.  Russ,  Dept,  of  Psychology  VPI  &  SU,  Blacksburg,  VA  24o6l. 
Responding  to  concern  about  alcohol  abuse,  Anheuser-Busch  marketed  Low  Alcohol 
(la)  beer  in  April  1984.  As  compared  to  3.8^  alcohol  in  Budweiser  beer,  LA 
contains  1.8^  and  Bud  Light  has  2.Q%.  Thus  LA  beer  allows  drinkers  to  consume 
their  usual  amount  of  beer  with  less  impairment  of  driving  ability.  The  subjects 
were  105  students  at  a  college  fraternity  party.  They  were  asked  to  indicate 
their  taste  preference  for  three  beers  labeled  "A",  "B",  and  "C".  The  2-ounce 
cups  contained  Bud,  Bud  Light,  and  LA,  and  were  presented  in  a  random  order  to 
control  for  order  effects.  After  indicating  their  preference,  they  were  given  a 
numbered  badge  and  10  oz  cup,  and  were  informed  that  three  beer  types  were 
available:  Bud,  Bud  Light,  and  LA.  Each  beer  keg  was  clearly  labeled.  The 
results  of  the  taste  test  revealed  that,  under  blind  conditions,  no  beer  type 
was  consistently  rated  as  tasting  better.  However,  an  analysis  of  actual 
consimiption  clearly  demonstrated  that  Bud  and  Bud  Light  were  the  beers  of 
choice,  following  far  behind  was  LA,  with  a  drinking  ratio  of  42:40:1, 
respectively.  Moreover,  the  only  time  students  asked  for  LA  beer  was  after  there 
was  no  more  Bud  or  Bud  Light.  Other  Interpretations  than  taste  are  called  for. 


THE  EFFECTS  OF  MEANINGFULNESS  OF  NOISE  ON  THE  PERFORMANCE  OF  TWO  TYPES  OF  TASKS. 
Mark  Foster ,  Maria  Moody  and  J . S .  King ,  Dept .  of  Psych . ,  Radford  Oiiversity , 
Radford,  Va.  24142.  The  purpose  of  the  two  studies  reported  here  is  to  examine 
the  effects  of  noise  on  task  performance.  In  the  first  study  a  2  x  2  indepen¬ 
dent  groups  factorial  design  was  used  to  examine  the  effects  of  loud  vs.  soft 
music  on  the  performance  of  mental  arithmetic  and  on  unscrambling  words. 

Analyses  indicated  that  when  compared  to  the  soft  music  condition,  the  loud 
music  adversely  affected  performance  on  mental  arithemetic,  but  enhanced  per- 
foianance  on  the  word  unscrambling  task. 

A  subsequent  study  was  designed  to  investigate  the  effects  of  noise  mean¬ 
ingfulness  on  task  performance.  Three  of  five  stimuli  were  identified  in  a 
pilot  study  as  representing  different  levels  of  meaningfulness:  white  noise, 
typing  and  a  talk  show.  These  stimuli  along  with  a  no  noise  condition  were 
used  in  a  4  X  2  independent  groups  design  to  study  the  effects  of  noise  on  maze 
coirpletion  and  mental  arithmetic  tasks.  Results  failed  to  demonstrate  any 
effect  of  noise  on  either  task.  Results  of  these  two  studies  are  discussed  in 
terms  of  differences  in  task  difficulty  and  the  differential  effects  of  various 
types  of  noise. 

STILL  CONCRETE  AFTER  ALL  THESE  YEARS;  PJAGETIM  RESEARCH  ON  THINKING  PATTEKNS 
OF  ADULT  STUDENTS.  ROBERT  L.  HARTSHORN  ,  Dept,  of  Ghem. ,  Tidewater  Cmnty. 

Col.,  Va.  Beach,  Va.  23436.  Almost  immediately  after  the  publication  of  The 
Growth  in  Logic  From  Childhood  Adolesence.  (inh elder  &  Piaget,  1938) »  rep¬ 
lication  of  Piaget's  research  on  the  formal  operational  stage  of  reasoning 
began.  But  it  wasn't  until  1971  that  McKinnon  &  Renner  provided  data  to 
seriously  challenge  the  assumption  that  adults  (primarily  college  students) , 
inevitably  reach  this  level  of  reasoning.  A  brief  discussion  of  the  reason¬ 
ing  patterns  designated  as  concrete  and  formal  operational  served  as  basis 
for  pointing  out  the  severe  limitations  under  which  adult  concrete  opera¬ 
tional  reasoners  labor.  This  was  followed  by  a  summary  of  the  literature 
describing  the  reasoning  abilities  of  junior  high,  high  school,  college,  and 
preprofessional  students,  as  well  as  those  of  noncollege,  middle-aged,  and 
older  adults.  Two  implications  of  these  findings  discussed  were  the  desir¬ 
ability  for  "cognitive  training"  studies  such  as  those  using  the  Karplus 
Learning  Cycle,  and  suggestions  for  altering  one's  instruction  in  order  that 
it  might  more  closely  align  with  Piaget's  developmental  theory. 
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A  BEHAVIORAL  ASSESSMENT  OF  TELEVISION  DRIVING  BEHAVIOR.  Michael  J.  Kalsher, 
D.P.  Board,  E.L.  Duncan,  &  T.L.  Bays,  Va.  Polytech.  Inst.  &  State  Univ. , 
Blacksburg,  Va.  24061.  This  session  reports  the  findings  of  observing 
prime-time  action  television  shows  during  the  1984-85  viewing  season  to 
assess  how  safety  belt  use  is  portrayed.  Using  a  behavioral  coding  system, 
observers  independently  recorded  frequency  of  safety  belt  use  by  television 
heroes  as  well  as  other  supporting  characters.  Data  were  also  obtained  for 
other  aspects  of  the  driving  scenes  including  driving  speed,  types  of 
accidents,  accident  outcomes,  and  alcohol  use.  Interrater  reliability 
exceeded  .80.  The  results  indicate  a  low  percentage  of  safety  belt  usage 
among  television  characters.  Further,  few  characters  were  depicted  as 
sustaining  serious  injuries  following  auto  crashes.  These  findings  are 
discussed  in  terms  of  the  potential  effects  of  television  viewing  on  safety 
belt  usage. 


THE  RELATIONSHIP  BETWEEN  A  PSYCHOMETRIC  INDEX  OF  ATTENTION  DEFICIT  AND  MEASURED 
ACADEMIC  ACHIEVEMENT  IN  CHILDREN  AND  ADULTS.  Jerry  R.  Livesay,  Mental  Health 
Services  of  the  New  Riyer  Valley,  409  Norwood  St.,  Radford,  VA  24141* 

Kaufman's  (1978)  3  factor  distractibility  index  based  on  the  patterns  of  rela¬ 
tionships  between  mean  and  specific  subtest  scaled  scores  deriyed  from  the 
WISC“R  has  been  shown  to  be  a  predictively  efficient  screening  measure  of 
heightened  distractibility  in  school  age  children  (Kaufman,  1975).  Using 
Kaufman's  Freedom  from  Distractibility  Index  as  a  psychometric  measure  of  at¬ 
tention  deficit,  the  current  inyestigation  attempted  to  examine  the  relationship 
between  clinically  significant  distractibility  indices  and  general  level  of  aca¬ 
demic  achievement  as  measured  by  the  Wide  Range  Achievement  Test.  Subjects  were 
25  elementary,  middle  and  high  school  students  consecutively  referred  for  psycho- 
educational  assessment.  All  subjects  were  uniformly  administered  a  complete  age 
appropriate  Wechsler  scale  of  intellignece  and  the  WRAT  in  addition  to  other 
evaluative  techniques.  Subjects  were  divided  into  2  groups  on  the  basis  of  Dis¬ 
tractibility  scores.  Correlational  analyses  show  no  significant  relationship 
between  mean  distractibility  scores  and  measured  academic  achievement  for  the 
Distractible  group,  while  the  Non-Distractible  group  show  a  significant  statis¬ 
tical  relationship  between  mean  distractibility  scores  and  measured  academic 
achievement. 


HOW  PRIOR  TESTING  AFFECTS  RECALL  OF  REPEATED  ITEMS .  James  M.  Loman* ,  &  Shanta 
P.  Kerkar*,  Department  of  Psych.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va .  24061 
Immediate  recall  of  twice-presented  items  was  found  to  exceed  recall  of  either 
of  two  once-presented  items.  However,  the  data  for  the  final  recall  test  re¬ 
vealed  no  such  effect.  In  fact,  the  pattern  of  results  was  the  opposite.  Re¬ 
call  of  twice-presented  items  was  lower  than  recall  of  at  least  one  of  two 
once-presented  items.  These  findings  are  puzzling  since  recall  in  one  test  is 
known  to  enhance  probability  of  recall  in  a  subsequent  test.  We  explain  these 
puzzles  by  invoking  the  construct  of  generic  memory,  specifically  the  notion 
that  the  two  presentations  of  a  repeated  item  can  be  recalled  as  a  pair  with¬ 
out  recall  of  either  presentation  separately. 
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DO  COLOR  DISPLAYS  ENHANCE  JUDGEMENT  AND  DECISION  MAKING?  James  Loman*  &  Shanta 
Kerkar*,  Dept,  of  Psych.,  Va.  Polytechnic  Inst Blacksburg ,  Va.  24061.  The 
rapid  evolution  of  computer  technology  has  drawn  considerable  attention  to  the 
manner  in  which  information  is  presented  on  CRT’s.  The  present  research  in¬ 
vestigated  the  effect  of  two  display  parameters--color  and  density  of  inform¬ 
ation— on  performance.  Subjects  reviewed  job  applicant  profiles  on  four  di¬ 
mensions  (e.g.,  motivation,  skill)  and  determined  which  applicant  had  the  high¬ 
est  score  on  a  specified  target  dimension  (viz.,  skill).  Both  the  density  of 
the  display  and  the  color  in  which  the  target  dimension  was  presented  were 
manipulated  in  a  2x2  factorial  design.  Specifically,  6  profiles  were  presented 
in  the  low  density  condition  whereas  15  profiles  were  presented  in  the  high 
density  condition.  Moreover,  in  the  color  condition  the  target  dimension  ap¬ 
peared  in  red  and  the  remaining  characters  in  white  against  a  black  background 
whereas  in  the  no-color  condition  all  characters  appeared  in  white  against  a 
black  background.  Subjects’  speed  and  accuracy  of  response  were  recorded.  Pre¬ 
liminary  analyses  indicate  a  reliable  interaction  between  color  and  density: 
color  enhances  performance  only  with  the  high  density  display,  but  color  does 
not  Influence  performance  with  the  low  density  display.  These  findings  carry 
considerable  implications  for  design  of  computer-based  info-processing  systems. 


ATTITUDES  AND  PREFEREt^CES  IN  HUMOROUS  SITUATIONS.  Elizabeth  Murphy,  Staff 
Psychologist,  O'Berry  Center,  Goldsboro,  N.C.  27530,  &  Alastair  V.  Harris, 

Dept,  of  Psych.,  Radford  University,  Radford,  Va.  24142.  The  aim  of  this  study 
was  to  examine  the  degree  to  which  sex-role  stereotypes  inhibit  or  facilitate 
humor  preference.  In  a  two  part  experiment,  fifty  subjects  were  asked  to  re¬ 
spond  to  the  Bern  Sex  Role  Inventory  (BSRI)  and  to  rate  10  cartoons  on  a  7  point 
scale.  The  cartoons,  previously  judged  by  independent  raters,  were  selected  as. 
showing  strong  masculine  orientation  (4) ,  strong  feminine  orientation  (4) ,  or 
as  being  neutral  (2) .  Using  an  independent  t,  the  relationship  between  re¬ 
sponses  on  the  BSRI  and  the  cartoons  was  examined.  For  subjects  classified  as 
most  feminine  or  most  masculine,  there  was  statistical  significance,  as  there 
was  for  androgynous  individuals.  No  statistically  significant  difference  was 
found  between  those  classified  as  near  masculine  females  or  near  fordnine 
males.  Failure  to  obtain  significance  in  this  area  may  be  attributed  to  social 
norms  or  sex-role  socialization. 


PHARMACOLOGICAL  AND  NUTRITIONAL  EFFECTS  OF  ETHANOL  ON  DEVELOPMENT 
IN  RAT  PUPS.  James  W.  Ness ,  Dept,  of  Psyc.,  Va.  Polytechnic  and 
State  Univ. ,  Blacksburg ,  Va.  24061.  An  animal  model  (Rattus 
norvegicus)  was  employed  to  study  the  effects  of  chronic  prenatal 
alcohol  exposure  on  pup  development.  Subjects  were  36  dams  and 
their  litters.  Dams  were  matched  by  weight  and  assigned  to  either 
an  Ethanol  (EtOH) ,  Pair-fed  (PF) ,  or  Untreated  Control  (UC)  group. 
Ethanol  dams  received  157o  ethanol  as  their  sole  source  of  fluid 
through  out  the  experiment.  Pair-fed  dams  were  fed  isocalorically 
to  EtOH  dams.  Untreated  Control  dams  received  food  and  fluid  ad 
libitum.  Developmental  measures  were  taken  on  pups  from  ages  0 
through  13  days.  Blood  ethanol  concentrations  (BEC)  were  analyzed 
for  dams  and  pups.  The  data  showed  that  the  BEC  of  EtOH  dams  was 
0.17o  and  that  EtOH  pups  showed  a  neglibible  BEC  postpartum. 
Prenatal  alcohol  exposure  was  shown  to  have  a  direct  pharmaco¬ 
logical  and  an  indirect  nutritional  effect  on  pup  development. 
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EFFECTS  OF  AUDIENCE  AND  INDIVIDUAL  LEVELS  OF  DEPRIVATION  ON  THE  SOCIAL  FACILITA¬ 
TION  OP  DRINKING  BEHAVIOR  IN  CHICKS.  David  5,  Nunnally*  &  Lisa  L.  Colvard*,  Dept, 
of  Psychology,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24060,  Zajonc  (1980)  pro¬ 
posed  that  the  presence  of  an  audience  is  a  source  of  nonspecific  drive  which 
energizes  individual  performance.  Facilitation  or  impairment  of  individual  beh¬ 
avior  depends  on.  the  appropriateness  of  subject  response  in  the  presence  of  an 
audience.  This  experiment  is  part  of  a  program  on  the  effects  of  audience  char¬ 
acteristics  on  individual  behavior.  Specifically  we  investigated  the  effects  of 
level  of  deprivation  in  the  individual  and  in  the  merely  present  audience  on  a 
chick's  drinking  behavior.  Subjects  were  195  white  leghorn  chicks,  7  days  old. 
The  design  was  a  2x3  factorial  (n=9)  with  two  deprivation  levels  of  subjects 
(1/2  S  4  hr.)  and  three  audience  conditions  (merely  present  satiated,  merely 
present  deprived,  &  deprived  coacting).  The  apparatus  separated  subject  from 
audience  allowing  visual,  but  not  physical  contact.  A  test  trial  lasted  15  min¬ 
utes,  Latency  to  start  drinking  decreased  and  amount  drunk  increased  reliably 
with  the  subject’s  level  of  deprivation.  No  reliable  effects  for  audience  cond¬ 
ition  were  found.  No  reliable  evidence  of  imitative  behavior  was  found  for  sub¬ 
jects  in  the  coacting  condition. 


CIRCADIAN  RHYTHMS  IN  VISION  »  SHOULD  WE  REALLY  BE  READING  AT 
4  s  00  A-M.?  Timothy  J,  0^  Keef  A.  M.  PrestrudeT,  Dept,  of 
Psychology,  Va.  Polytech.  Inst,  tt  State  Univ.,  Blacksburg,  Va. 
24061.  The  possibility  that  human  visual  thresholds  fluctuated 
in  a  circadian  rhythmic  Ctwenty-four  hour)  pattern  was 
examined-  Twenty  subjects  were  tested  at  0400h,  lOOOh,  IGOOh, 
and  2200h  in  a  30  minute  dark  adaptation  procedure.  Males 
exhibited  lower  thresholds  Ci.e.  could  detect  light  better)  at 
0400h  than  at  any  other  time  and  had  significantly  higher 
thresholds  (i.e.  could  detect  light  less  well)  at  lOOOh  than  at 
any  other  time.  This  difference  was  on  the  order  of  about  .25 
log  units  of  attenuation.  Females  did  not  show  any  overall 
rhythm.  However,  the  female  thresholds  were  much  higher  (by 
.25  log  units  of  attenuation)  than  the  males.  This  sex 
difference  may  be  caused  by  a  fluctuation  of  the  female 
menstrual  cycle  which  may  influence  visual  thresholds. 
Possible  causes  for  circadian  fluctions  in  vision  are  discussed 
in  terms  of  rod  and  cone  outer  segment  shedding. 


A  BEHAVIORAL  APPROACH  TO  POWER  LOCKOUT  TRAINING  IN  THE  AUTO  INDUSTRY: 
PROGRAM  DEVELOPMENT  AND  EVALUATION.  James  B-  Rudd*.  E.  Scott  Geller,  Va. 
Polytech.  Inst.  &  State  Univ. ,  Blacksburg,  Va.  24060,  &  John  E.  Kello 
Davidson  College,  Davidson,  N. C.  Power  lockout  Is  a  procedure  used  In  the 
auto  Industry  to  hold  an  energy  Isolating  device  In  a  safe  position  for  the 
purpose  of  protecting  personnel  engaged  in  servicing  dangerous  machinery. 
Electrical,  mechanical,  hydraulic,  pneumatic,  and/or  thermal  energy  sources 
all  could  cause  Injury  to  machinery  maintenance  personnel  if  not  properly 
controlled.  Because  maintenance  workers  circumvent  these  safety  systems, 
severe  injuries  and/or  death  sometimes  occur.  In  the  summer  of  1984,  the 
Motor  Vehicle  Manufacturers  Association,  the  trade  association  of  the  major 
U.  S.  automakers,  approached  the  psychology  department  of  Va.  Tech  for 
assistance  in  developing  a  program  aimed  at  reducing  the  Incidence  of 
safety  system  circumvention.  This  session  reports  the  development  of  a 
training  program  aimed  at  reducing  the  incidence  of  this  problem  through 
the  application  of  behavior  analysis.  Environmental  assessment,  program 
development,  and  program  evaluation  will  be  discussed.  In  addition, 
limitations  to  the  program  will  be  addressed. 
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METHODOLOGICAL  RIGOR  IN  THE  ORGANIZATIONAL  BEHAVIOR  MANAGEMENT  LITERATURE 
(1969-1984 Is  A  META-ANALYSIS.  James  Ruddx,  Blake  D.  Wagner,  Ann  W. 
Riley,  Va.  Polytech.  Inst.  &  State  Univ.,  Blacksburg,  Va.  24060,  &  Lee  W. 
Frederiksen,  Arthur  Young  International,  Washington,  D.C.  This  session 
reports  the  relationship  found  between  methodological  rigor  and  outcome 
success  in  the  organizational  behavior  management  (OBM)  literature.  Using  a 
structured  schema,  two  independent  observers  assigned  points  based  on  the 
methodological  rigor  of  over  120  experimental  studies  cited  in  the  OBN 
literature.  Studies  were  assigned  points  on  the  basis  of  design,  absence  of 
data  trends  at  phase  change,  subject  selection,  sample  size,  reliability 
measures,  and  presence  of  operational  definitions  of  the  dependent  measure. 
Inter-rater  reliability  exceeded  .90.  The  investigation  showed  that  there 
is  a  slightly  positive  relationship  between  methodological  rigor, 
suggesting  as  rigor  increases,  reported  outcome  success  also  increases.  In 
addition,  the  analysis  yielded  the  following  information:  57%  of 
experiments  investigated  took  place  in  industrial  settings,  40%  in  human 
service  settings,  and  3%  in  coiimiunity  settings.  The  most  frequent  type  of 
treatment  reported  was  that  of  inexpensive  behavioral  feedback  or 
behavioral  feedback  in  combination  with  incentives  or  goals  (38% I. 

DEVELOPING  METHODS  OF  IDENTIFYING  ALCOHOL  IMPAIRMENT l  IMPLICATIONS  FOR 
PREVENTING  DRUNK  DRIVING.  Nason  W.  Russ  &  E.  Scott  Geller,  Dept,  of  Psychology 
VPI  &  SU,  Blacksburg,  VA  24061.  This  study  evaluated  measures  of  behavioral 
impairment  from  alcohol  for  use  in  the  field.  A  total  of  195  students  at 
various  BAG  levels,  participated  during  two  outdoor  university  sponsored  events. 
In  addition  to  taking  non-behavioral  measures  of  impairment,  each  subject’s 
performance  was  evaluated  on  a  ruler  drop/reaction  time  task,  balance  test, 
and  a  verbal  Index  of  Impairment  were  the  best  predictors  of  BAC.  Of  the 
sobriety  tests,  ruler  drop  and  body  balance  performance  accounted  for  the 
highest  portion  of  BAC  variance.  Subjects  reported  that  actual  BAC  feedback 
would  most  likely  result  in  behavior  change,  followed  by  performance  on  the 
body  balance  and  ruler  drop  tasks.  It  was  noted,  however,  that  as  BAC 
increased,  poor  test  performance  was  less  likely  to  result  in  behavior  change. 
The  need  for  continued  research  into  field  sobriety  tests  are  discussed  as  a 
means  of  promoting  third-party  intervention  and  socially  responsible  drinking. 


SFFEGT.3  OF  DIIPRIVATION  LEVEL  ON  PRSFERSNGS  BEHAVIOR  FOR  PIGTURE3  OF  FOODB . 
Kristine  L,  Slank^,  Barry  Seaver*,  and  Ruth  Arnegard*,  Dept,  of  Psyc.,  Va. 
Polytechnic  Inst.,  Blacksburg,  Va.  2406l.  Subjects  (N=206)  Indicated  their 
preferences  for  foods  displayed  in  slides.  Subjects  were  divided  into  low, 
medium,  and  high  deprivation  groups  according  to  reports  of  time  since  last 
meal  and  hunger  ratings.  There  was  a  positive  correlation  between  time  since 
last  meal  and  hunger  rating.  Results  of  overall  food  preference  ratings  re¬ 
vealed  no  reliable  difference  among  deprivation  groups.  However,  for  slides 
commonly  rated  by  deprivation  groups  as  low  and  high  preferred  slides,  there 
was  a  reliable  interaction  with  preference  category  and  deprivation  level;  The 
high  deprivation  group  rated  low  preferred  slides  as  lower,  and  high  preferred 
slides  as  higher,  than  did  the  low  and  medium  deprivation  groups.  These 
results  support  the  hypothesis  that  preference  for  pictures  of  foods  is  a 
function  of  deprivation.  Deprivation  may  differentially  affect  food  pref¬ 
erences.  That  is,  deprivation  may  not  increase  general  acceptability  of  foods, 
but  rather,  may  increase  subjects'  discrimination  of  what  foods  subjects  like 
and  dislike.  Thus,  deprivation  may  play  an  important  part  in  the  initiation  of 
food  intake  as  well  as  differentially  affecting  the  foods  to  be  selected. 
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MODEL  SELECTION  APPROACH  TO  THE  FACTOR  MODEL  PROBLEM,  PARAMETER  PARSIMONY,  AND 
CHOOSING  THE  NUMBER  OF  FACTORS.  Hamparsum  Bozdogan  and  Donald  E.  Ramirez ,  Dept, 
of  Math.,  University  of  Virginia,  Charlottesville,  VA  22903.  This  paper  studies 
the  popular  maximum  likelihood  factor  analysis  problem  under  the  orthogonal  (un¬ 
correlated)  factor  model  through  the  development  and  the  introduction  of  two 
well-known  model-selection  criteria;  Akdlko,' 6  In^OA.niaJtcon  (AIC)  and 

(CAIC).  In  the  statistical  literature,  an  exact  quantitative  technique  for  de¬ 
ciding  how  many  factors  to  extract  is  largely  unresolved,  except  some  of  the  ad 
hoc  stopping  rules  which  currently  are  being  utilized.  The  usual  likelihood 
ratio  test  is  not  always  valid,  and  the  significance  level  for  the  test 
criterion  is  not  adjusted  in  the  sequential  testing  process.  Numerical  examples 
are  carried  out  on  two  real  data  sets  by  applying  the  model-selection  criteria 
for  choosing  the  number  of  factors.  The  problem  of  how  the  factors  depend  upon 
the  observed  variables  is  also  considered  in  terms  of  selection  of  regression 
variables  via  the  model-selection  criteria.  These  criteria  depend  on  the  number 
of  parameters  estimated  within  a  model  to  achieve  parameter  parsimony,  and  the 
significance  level  is  adjusted  accordingly  from  one  model  to  the  next. 

DETERMINING  THE  NUMBER  OF  COMPONENT  CLUSTERS  IN  THE  STANDARD  MULTIVARIATE  NORMAL 
MIXTURE  MODEL  USING  MODEL- SELECTION  CRITERIA.  Hamparsum  Bozdogan,  Dept,  of  Math., 
Univ.  of  VA. ,  Charlottesville,  VA,  22903.  The  problem  of  clustering  individuals 
is  considered  within  the  context  of  the  standard  multivariate  mixture  of  normal 
distributions  using  model-selection  criteria.  Often  the  number  of  components  k 
(where  k=l,2,...,K)  is  not  known  and  needs  to  be  estimated.  In  practical  problems, 
the  question  arises  as  to  the  appropriate  choice  of  k.  The  problem  is  to  decide 
how  many  components  are  in  the  mixture,  a  difficult  multiple  decision  problem. 
Several  hypothesis  testing  type  criteria  suffer  from  sampling  distributional 
problems.  If  the  data  actually  contain  k  clusters,  the  null  distribution  of  the 
criterion  is  still  not  known,  and  remains  largely  unresolved.  In  general,  the 
likelihood  ratio  test  fails  in  this  situation.  A  two-stage  iterative  maximum- 
likelihood  procedure  is  used  as  the  clustering  criterion  to  estimate  the  para¬ 
meters  in  the  standard  normal  mixture  model  under  four  covariance  assumptions  to 
reduce  the  sensitivity  of  this  procedure  to  non-normality,  or  to  linear  depen¬ 
dence  among  the  variables.  Well  known  model-selection  criteria  such  as  Akaike’s 
Information  Criterion  (AIC)  and  its  variants,  Schwarz’s  Criterion  (SC)  are  pro¬ 
posed  as  new  procedures  in  determining  the  number  of  component  clusters  in  the 
standard  multivariate  normal  mixture  model,  and  their  performances  are  assessed. 


TESTING  FOR  TREND  IN  PROPORTIONS  WITH  HISTORICAL  CONTROLS:  AN  APPLICATION 
OF  THE  BOOTSTRAP.  Timothy  J.  Breen,  Dept,  of  Biostatistics,  Va. 
Commonwealth  Univ.,  Medical  College  of  Va.,  Richmond,  Va.  23298.  The 
bootstrap  procedure  can  be  used  to  assess  the  null  distribution  of  a 
statistic  used  in  testing  for  trend  in  proportions  which  Includes  both 
historical  and  experimental  controls.  Other  procedures  suggested  to 
date  treat  certain  parameters,  although  estimated  from  the  data,  as  known 
constants.  The  bootstrap  Inherently  accounts  for  the  sampling  variation 
of  these  estimated  parameters  and  additionally,  is  less  dependent  on 
assumptions  concerning  the  distribution  of  the  historical  control  rates. 
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AN  ASYMPTOTIC  CONFIDENCE  REGION  FOR  THE  ED^^Qp  FROM  THE  LOGISTIC  RESPONSE  SUR¬ 
FACE  FOR  A  COMBINATION  OF  AGENTS,  W.  H.  Carter,  Jr.,  Dept,  of  Biostatistics, 

V.  M.  Chinchilli,  Dept,  of  Biostatistics,  J.  D.  Wilson,  Dept,  of  Radiology,  E.  D. 
Campbell,  Dept,  of  Biostatistics,  F.  K.  Kessler,  Dept,  of  Pharmacology  and  Toxi¬ 
cology,  and  R.  A.  Carchman,  Dept,  of  Pharmacology  and  Toxicology,  Va.  Common¬ 
wealth  Univ.,  Richmond,  VA  23298,  The  ED^ggp*  0  £  p  5  1,  in  the  analysis  of 

quanta],  response  data  involving  a  single  independent  variable,  is  that  value  of 
the  independent  variable  associated  with  a  100p%  response  rate.  When  a  combina¬ 
tion  of  k  agents  is  being  considered,  the  ED^ggp  for  the  multiple  linear  logis¬ 
tic  regression  model  is  given  by  all  solutions,  (x^j,  X2,  ...»  X|^)  to 

Bg-£n(p/l-p)+  ^  a.x.  =  0 

It  is  the  purpose  of  this  paper  to  develop  and  illustrate  a  method  for  estimat¬ 
ing  a  large  sample  confidence  region  for  the  ED,gg  from  the  logistic  curve  in 
the  case  of  multiple  explanatory  variables.  ^ 

CONTROL  CHARTS  BASED  ON  CUMUIATIVE  GAUGING  SCORES.  Jain  Chung , 

Dept,  of  Stat , ,  Va.  Polytechnic  Inst,  Blacksburg,  Va ,  24061,  & 
Marion  R.  Reynolds,  Dept,  of  Stat ,  ,Va.,  Polytechnic  Inst ,  Blacksburg , 
Va .  24061.  A  control  chart  using  cumulative  gauging  scores  relies 
on  a  scoring  system  which  is  used  to  transfer  actual  measured 
observations  into  integer  scores.  Different  scoring  systems  can 
be  used  to  achieve  different  control  purposes.  The  exact  run 
length  distribution  and  average  run  length  (ARL)  can  be  easily 
obtained  by  forming  the  procedure  as  a  Markov  chain.  Two  cumula¬ 
tive  gauging  score  charts  are  proposed  to  control  the  process 
mean.  Comparisons  based  on  ARLs  of  these  two  charts  with  the  X- 
chart  and  the  cumulative  sum  (CUSUM)  chart  is  provided.  The 
robustness  to  serial  correlated  and  heavey  tail  observations  is 
investigated  through  simulation.  A  control  chart  for  controlling 
the  mean  and  the  standard  deviation  simultaneously  is  also 
provided , 

EXAMPLES  OF  NONUNIQUE  MAXIMUM  LIKELIHOOD  ESTIMATORS.  Sudhakar  Dharmadhlkarl* , 
Dept,  of  Statistics,  Va.  Polytechnic  Inst,  &  State  Univ. ,  Blacksburg,  Va. 

24061  &  Kumar  Joag-dev*,  Dept,  of  Mathematics,  Univ.  of  II.,  Urbana,  II. 

61801.  The  usual  examples  of  nonunique  maximum  likelihood  estimators  (MLE) 
have  the  feature  that  the  possible  choices  of  the  MLE  form  an  interval. 

This  paper  presents  examples  where  the  possible  MLE*s  do  not  form  an  inter¬ 
val.  The  examples  are  natural  in  the  sense  that  the  distributions  involved 
are  unimodal  with  a  unique  mode, 

ANALYSIS  OF  A  QUANTAL  RESPONSE  BIOLOGICAL  ASSAY  USING  SEGMENTED  LOGISTIC  POLY¬ 
NOMIAL  REGRESSION.  Bruce  E.  Dornseif,  Dept.  Biostatistics,  Med.  Col,  Va.  /  Va. 
Commonwealth  Univ.,  Richmond,  Va.  23298.  In  current  applications,  the  dose- 
response  curve  associated  with  a  single  cytotoxic  agent  has  been  represented  by 
a  second  degree  polynomial  in  the  logistic  function.  For  many  data  sets,  such 
a  model  has  demonstrated  adequate  fit.  Implicit  with  the  use  of  a  second  degree 
polynomial  in  the  logistic  model,  however,  is  the  assumption  of  symmetry  of  the 
dose-response  curve  about  the  optimal  treatment  level.  Such  an  assumption  may 
not  always  be  justified  by  the  data. 

This  paper  considers  a  segmented  logistic  polynomial  regression  approach 
to  analyzing  quantal  response  assays  for  a  single  cytotoxic  agent.  Methods  for 
the  estimation  of  the  optimal  treatment,  methods  for  the  construction  of  con¬ 
fidence  intervals  about  the  join  point  and  about  the  response  at  the  join  point, 
and  a  test  for  symmetry  of  the  associated  dose-response  curve  are  developed. 
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THE  USE  OF  MULTIPLE  CORRELATION  COEFFICIENTS  FOR  THE  PARTIALLY 
WEIGHTED  GMANOVA.  Mary  Hall  Gregg ^  Dept,  of  Biostatistics,  Va. 
Commonv/ealth  Univ.,  Richmond,  VA  23298.  The  generalized  multivar¬ 
iate  analysis  of  variance  (GMANOVA)  model  fits  a  q-degree  polynom¬ 
ial  to  p  repeated  measures  (q  4  p)  of  m  response  variables  for  each 
experimental  unit.  When  no  assumptions  are  made  about  the  covar¬ 
iance  matrix,  the  maximum  likelihood  estimator  of  the  model  parame¬ 
ter  ^  ,  is  called  a  weighted  estimator.  If  the  covariance  matrix 
has  the  structure  that  can  arise  from  mixed  model  assumptions,  a 
partially  weighted  or  unweighted  estimator  can  be  used.  Partial 
weighting  or  no  weighting  improves  the  efficiency  of  the  estimator 
and  results  in  greater  pov;er  for  statistical  inference.  Grizzle 
and  Allen  (1969)  describe  an  ad-hoc  approach  for  determining  which 
covariates  should  be  used  for  partial  weighting.  Here  an  asymptot¬ 
ic  confidence  of  region  for  the  set  of  corresponding  multiple  corr¬ 
elation  coefficients  is  developed  for  determining  which  covariates 
should  be  used,  if  any,  in  the  weighting  of  the  parameter  estima¬ 
tor.  An  example  is  also  provided. 


SEQUENCES  OF  2^.3™  FRACTIONAL  FACTORIAL  PLANS.  Hi sham  M.  Hilow,  Dept,  of 
Stat.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va.  24061.  A  factor-screening 
procedure  is  developed  to  screen  out  n  2-level  and  m  3-level  factors  and 
their  two-factor  Interactions.  The  procedure  is  based  on  running  the  2  .3 
factorial  experiment  sequentially  in  saturated  (economical)  small  size 
blocks.  Blocks  are  of  sizes  2  and  3  such  that  main  effects  and  two-factor 
interactions  are  estimable  unbiased  by  block  effects.  After  the  completion 
of  each  block,  one  or  two  effects  become  estimable  depending  on  whether  the 
block  is  of  size  2  &  3.  No  claim  is  made  that  this  blocking  scheme  is 
optimal  nor  that  effects  are  estimated  with  high  degree  of  precision.  These 
are  exploratory  type  experiments  and,  hence,  emphasis  is  on  screening  rather 
than  on  optimal  estimation. 


ON  THE  PEARSON  GOODNESS-OF-FIT  TEST  WHEN  EXPECTED  CELL  FREQUENCIES  ARE  SMALL. 
Golde  I.  Holtzman,  Dept,  of  Stat.,  VPI  &  SU,  Blacksburg,  VA  24061.  The  effi¬ 
ciency  of  various  chi-squared  approximations  to  the  exact  distribution  of 
Pearson's  goodness-of-f it  statistic  for  equiprobable  multinomials  has  been 
the  subject  of  several  studies.  Some  of  these  studies  recommend  that  a  "cor¬ 
rection"  or  an  "adjustment"  is  advisable,  while  other's  conclude  that  the 
"unmodified"  tabular  chi-squared  approximation  is  itself  the  most  accurate.  One 
of  the  reasons  for  this  conflict  is  generally  unrecognized:  If  the  assessment 
of  accuracy  is  made  from  the  perspective  of  Neyman-Pearson-style  "hypothesis 
testing"  with  pre-determlend  nominal  a-levels,  the  standard  adjustment  appears, 
at  times,  to  be  too  large;  whereas,  if  the  assessment  of  accuracy  is  made  from 
the  perspective  of  "significance  testing"  with  observed  P-values,  the  standard 
adjustment  generally  improves  the  approximation.  Several  studies  have  either 
ignored  or  overlooked  this  phenomenon.  In  this  paper  the  phenomenon  is  explain¬ 
ed  in  the  context  of  the  goodness-of-f it  test  of  the  null  hypothesis  of  equi- 
probabllity,  but  clearly  it  might  also  be  relevant  to  other  tests  based  on 
Pearson’s  X^,  e.g.,  the  tests  of  homogeneity  and  independence  in  contingency 
tables . 


COMPARISON  OF  REGRESSION  LINES  WITH  HETEROGENEOUS  ERROR  VARIANCES  (OR:  STATISTICS 
BY  ANALOGY),  Richard  G.  Krutchkof f ,  Dept,  of  Statistics,  VPI&SU,  Blacksburg,  VA 
24061.  Comparison  of  slopes  (and/or  points  of  intersection)  is  easily  done  when 
regression  lines  have  the  same  error  variance.  In  order  to  devise  a  procedure 
which  can  be  used  when  the  error  variances  are  dissimilar  the  method  of  analogy 
is  used. 

In  the  method  of  analogy  the  standard  procedure  is  reformalized  into  a  step 
by  step  procedure  which  isolates  the  problem  parameters.  Then  estimates  are 
used  to  replace  problem  parameters  and  the  analogus  procedure  obtained. 

Here  the  method  of  analogy  is  used  to  help  devise  a  procedure  for  comparing 
regression  lines  when  the  error  variances  are  known  to  be  different  and  when 
they  may  be  different. 
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A  MODEL  FOR  THE  ANALYSIS  OF  COINCIDENT  ERRORS  IN  REDUNDANT  SOFTWARE.  Dave  E. 
Eckhardt,  Jr.*  and  Larry  D.  Lee,*  MS  130,  NASA  Langley  Research  Center,  Hampton, 
VA  23665.  Fundamental  to  the  development  of  redundant  software  techniques  (known 
as  fault-tolerant  software)  is  an  understanding  of  the  impact  of  multiple  joint 
occurrences  of  errors,  referred  to  here  as  coincident  errors.  A  new  model  is 
proposed  to  study  the  effects  of  coincident  errors  on  the  failure  probability  of 
an  N-Version  software  system.  Its  basic  assumptions  are:  (i)  independently  de¬ 
signed  -software  components  are  chosen  in  a  random  sample  and  (ii)  in  the  user 
environment,  the  system  is  required  to  execute  on  a  stationary  input  series.  An 
intensity  function,  called  the  intensity  of  coincident  errors,  has  a  central  role 
in  the  model.  This  function  describes  the  propensity  of  a  population  of  program¬ 
mers  to  introduce  design  faults  in  such  a  way  that  software  components  fail 
together  when  executing  in  the  user  environment.  The  model  is  used  to  give  con¬ 
ditions  under  which  (1)  an  N-Version  system  is  a  better  strategy  for  reducing 
system  failure  probability  than  is  relying  on  a  single  version  of  software,  and 
(2)  software  components  fail  independently  in  a  statistical  sense. 


SOME  PROBABILITY  STRUCTURES  OF  SIMPLE  OVERFLOW  QUEUEING  SYSTEMS.  Ruey-Pyng  Lu, 
Dept,  of  Stat.,  Va.  Polytechnic  Inst.  Blacksburg,  Va,  24061.  The  simple  over¬ 
flow  queue  arises  in  a  queueing  system  when  there  is  only  one  server  to  serve 
the  Incoming  customers,  and  there  is  no  waiting  rooms  for  customers  to  stand  by 
waiting  to  be  served.  Some  examples  of  this  overflow  systems  are  the  single-line 
teletraffic  model  and  the  machine-repairman  model.  The  distribution  functions  of 
the  virtual  overflow  periods  and  the  virtual  no-loss  periods  are  derived,  either 
embedded  at  the  arrival  epochs  or  embedded  at  the  departure  epochs.  The  deriva¬ 
tion  of  these  distribution  functions  is  by  means  of  the  theories  of  Markov  re¬ 
newal  process  or  marked  point  process.  The  theory  of  the  time-reversed  process 
is  applied  to  get  insight  into  the  models.  A  mixture  of  the  counting  and  the 
interval  procedures  is  introduced  to  provide  information  about  the  service  time. 
The  distribution  functions  are  formed  in  terms  of  the  product  of  the  Lebesque 
measure  and  the  counting  measure.  The  difference  between  the  counting  procedure 
for  the  arrival  process  and  the  departure  process  is  discussed  with  relation  to 
statlonarlty . 

CUMULATIVE  SUM  (CUSUM)  CONTROL  SCHEMES  James  M.  Lucas  E.  I.  du  Pont  de  Nemours  &  Co.,  Inc. 
Cumulative  Sum  (CUSUM)  quality  control  schemes  are  becoming  widely  used  in  industry  because  they  are 
powerful,  versatile,  and  easy  to  use.  They  cumulate  recent  process  data  to  quickly  detect  out-of- 
control  situations.  They  also  serve  as  a  powerful  diagnostic  tool.  There  are  now  more  than  10,000 
CUSUM  control  schemes  in  use  daily  in  Du  Pont.  This  talk  describes  design  and  implementation  proce¬ 
dures  for  CUSUM  control  schemes  with  emphasis  on  properties  that  are  recorded  as  counts.  Such  prop¬ 
erties  often  occur  in  reliability  applications.  The  talk  will  describe  recent  developments  which 
make  CUSUM  procedures  more  useful  and  more  powerful.  The  recent  developments  described  are; 

•  Fast  Initial  Response  (FIR)  CUSUM  which  gives  extra  sensitivity  to  out-of-control  situations 
at  start  up  or  after  a  (possibly  ineffective)  control  action. 

•  A  Combined  Shewhart-CUSUM  which  combines  the  key  features  of  CUSUM  schemes  and  Shewhart 
Schemes  by  adding  Shewhart  Control  Limits  to  a  CUSUM  scheme. 

•  ROBUST  CUSUM  schemes  which  are  not  unduly  influenced  by  a  few  outliers  or  fliers  occurring  in 
the  stream  of  data. 

The  philosophy  of  continual  improvement  if  a  process  is  very  compatible  with  CUSUM  procedures.  As 
CUSUM  procedures  give  much  more  responsive  control,  a  CUSUM  signal  does  not  mean  that  the  process 
is  producing  bad  product.  Rather  it  means  that  action  should  be  taken  so  that  the  process  does  not 
produce  bad  product. 
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ESTIMATING  THE  PARAMETERS  OF  A  DOUBLY  TRUNCATED  NORMAL  DISTRIBUTION.  Mukul  ^ 
Mittal Ram  C.  Dahiyat  Dept,  of  Mathematical  Sciences,  Old  Dominion  Univ., 
Norfolk,  VA  23508.  Consider  the  situation  where  a  doubly  truncated  sample 
(-oo<a<x<B<°°,  a  and  B  known)  of  n  observations  is  drawn  from  a  normal 
distribution  with  mean  y  and  variance  a^.  In  this  paper  we  prove  that  the 
maximum  likelihood  estimators  (m.l.e.'s)  of  y  and  are  nonexistent  (become 
infinite)  with  positive  probability.  For  estimators  that  exist  with  probabi¬ 
lity  one,  the  class  of  Bayes  modal  estimators  is  explored.  Another  useful 
estimating  procedure,  called  the  mixed  estimation,  is  proposed.  Simulations 
compare  the  behavior  of  the  m.l.e.'s,  the  Bayes  modal  estimators,  and  the 
mixed  estimators  which  reveal  that  the  m.l.e.,  in  addition  to  nonexistence 
with  positive  probability,  behaves  poorly  near  the  upper  boundary  of  the 
interval  of  its  existence.  The  Bayes  modal  estimators  and  the  mixed  estimators 
are  seen  to  be  remarkably  better  than  the  m.l.e. 

THE  USE  OF  BOX -cox  TRANSFORMATIONS  IN  THE  DEVELOPMENT  OF  TOLERANCE 
INTERVALS.  Richard  A.  Rode ,  Dept,  of  Biostatistics,  Medical  College 
of  Virginia/Virginia  Commonwealth  University,  Richmond,  Va.  23298. 

In  the  past,  attempts  have  been  made  to  transform  clinical  and 
laboratory  data  to  normality  for  the  purpose  of  developing  "normal" 
ranges  -  tolerance  intervals  -  in  a  "supposedly  healthy"  population. 
For  these  transformations  to  be  of  any  success,  it  has  been  neces¬ 
sary  to  arbitrarily  delete  "outlier"  values  from  the  data  with  no 
medical  justification  for  doing  so.  Here,  the  Box -Cox  power  trans¬ 
formation  family  is  proposed  as  a  means  of  transforming  the  data  to 
normality  without  an  arbitrary  deletion  of  certain  "outlier"  values.! 
Also,  a  method  similar  to  that  of  Boyd  and  Lacher  (1982,  Clinical 
Chemistry  28,  259-265)  is  suggested  that  will  allow  for  the  con¬ 
struction  of  a  multivariate  reference  range  -  multivariate  toler¬ 
ance  region. 

THE  MIXED  EXPERIMENT.  Bradley  Skarpness ,  Dept,  of  Statistics,  Va.  Polytechnic 
Inst,  and  State  Univ.,  Blacksburg,  VA  24061.  In  this  paper  we  present  two  mixed 
experiments  whose  statistical  analysis  raises  some  serious  questions  about  cer¬ 
tain  "fundamental  principles  of  statistics",  namely  the  most  powerful  test  pro¬ 
cedure  and  the  use  of  confidence  intervals  as  a  means  of  indicating  tenability 
of  parameter  values.  A  detailed  analysis  of  both  experiments  is  presented  in 
order  to  clearly  define  the  problems  encountered  in  analyzing  these  experiments. 


SIMILARITY  ANALYSIS.  Eric  P.  Smith,  Dept,  of  Stat.,  Va.  Poly.  Tech.  Inst,  and 
State  Univ.,  Blacksburg,  VA  24061.  In  ecological  and  biomedical  studies,  ex¬ 
perimenters  often  collect  data  on  the  abundance  of  a  large  (>100)  number  of 
species.  Because  of  the  cost  of  identification,  the  number  samples  is  typically 
not  large  enough  to  justify  a  multivariate  analysis.  Researchers  will  reduce 
the  data  to  a  matrix  of  similarity  scores  and  analyze  the  resulting  matrix. 

Here,  several  procedures  are  compared  for  estimation  of  the  similarity  between 
two  groups  and  also  confidence  Intervals.  The  problem  of  testing  for  group 
differences  is  considered.  Also,  the  use  of  decomposltional  methods  to  graph 
differences  is  discussed. 


THE  AMERICAN  STATISTICAL  ASSOCIATION:  IN  SERVICE  TO  YOU  AND  THE  PROFESSION. 
Randall  K.  Spoeri,^  Assoc.  Exec.  Dir.,  ASA,  806  15th  St.,  N.W.,  Washington,  DC. 
20005.  This  presentation  will  provide  an  overview  of  ASA:  past,  present  and 
future.  The  Association's  historical  roots  will  be  briefly  reviewed.  ASA's  cur¬ 
rent  membership,  structure,  leadership  and  services  will  be  described.  The  tra¬ 
dition  of  service  established  by  ASA,  and  continuing  today,  will  be  summarized. 
Finally,  challenges  for  the  future  and  plans  for  meeting  the  challenges  will 
be  discussed. 
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RIDIT  ANALYSIS  OF  ACCIDENT  DATA  CUSSIFIED  BY  VEHICLE  IDENTIFICATION  NUMBERS. 
Gerald  ^  Stenart  ,  Office  of  Highway  Safety,  Federal  Highway  Administration, 
400  7th  Street  S.W.,  Washington,  D.C.  20590, 

RIDIT  analysis  can  lead  to  conclusions  which  are  meaningful  and  important  in 

the  study  of  fatal  accident  data,  in  this  paper  the  problem  involves  compari¬ 
son  of  qualities  of  fatal  accidents  on  wet,  icy,  or  snow  covered  roadways  to 
qualities  of  fatal  accidents  on  dry  roadways.  Qualities  of  fatal  accidents 
are  expressed  in  terns  of  the  types  of  vehicles  involved  in  the  accidents. 
Vehicle  Identification  Numbers  are  used  to  set  up  qualitatively  ordered 
categories  of  accidents  representing  the  vehicle  size  and  weight  qualities 
of  the  accidents.  Dry  roadway  accident  counts  form  the  reference  data  from 
which  ridits  are  calculated.  The  average  ridit  computed  for  wet, icy,  or  snowy 
accident  counts  provides  an  estimate  of  the  probability  that  vehicle  qualities 
in  the  wet, icy, snowy  accidents  is  “different**  (i.e,  smaller  and/or  lighter  or 
larger  and/or  heavier)  than  vehicle  qualities  in  the  dry  roadway  accidents. 

The  objective  of  this  paper  is  to  illustrate  the  utility  of  RIDIT  analysis 
by  presenting  a  few  simple  examples  on  currant  problems. 


DESIGN  AND  ESTIMATION  IN  DOUBLE  SAMPLING.  Edith  E.  Tan,  Dept,  of  Stat.,  Va. 
Polytechnic  Inst.  &  State  Univ. ,  Blacksburg,  Va.  24061,  &  J.  C.  Arnold,  Dept, 
of  Stat.,  Va.  Polytechnic  Inst,  &  State  Univ.,  Blacksburg,  Va.  24061.  Inex¬ 
pensive  auxiliary  information  is  used  to  improve  estimation  of  a  population 
parameter  of  a  variable  of  interest  in  double  sampling,  A  combined  estimator 
found  by  weighting  the  average  predicted  responses  and  the  simple  sample  mean 
is  considered  as  an  alternative  double  sample  regression  estimator.  Double 
sample  regression  estimators  are  based  on  the  "super-population**  model  ap¬ 
proach  or  prediction  approach.  Due  to  model  dependency,  robustness  of  these 
estimators  to  model  misspecif ication  is  a  major  issue.  For  a  squared  error 
loss  function,  nonrandom  sampling  plans  are  suggested  to  protect  against  model 
misspecif ication. 


A  NONPARAMETRIC  TEST  FOR  SCALE  SHIFTS  UNDER  GENERAL  ALTERNATIVES.  Gary  Ulrich 
and  Rich  Elnsporn,  Statistics  Dept.,  Va.  Polytechnic  Inst.,  Blacksburg,  Va. 
24061.  The  problem  of  detecting  a  shift  in  scale  for  a  sequence  of  independ¬ 
ent  random  variables  arises  in  business,  manufacturing  and  scientific 
applications.  Many  of  the  nonparametric  tests  proposed  for  this  problem 
are  designed  to  test  against  the  alternative  of  a  single  scale  shift  in  one 
direction.  A  simple  nonparametric  procedure  utilizing  arbitrary  groupings 
of  observations  is  developed  for  more  general  types  of  scale  shift.  Critical 
values  are  computed  for  small  sample  sizes  and  the  statistic  is  shown  to 
be  approximately  distributed  as  a  non-central  chi-squared  variate  for  large 
sample  sizes.  A  simple  computational  algorithm  is  provided  for  obtaining 
approximate  large  sample  critical  values.  The  small  sample  power  and  ARE 
of  the  proposed  procedure  are  compared  with  those  of  several  competing  tech¬ 
niques.  The  results  of  these  comparisons  indicate  that  the  test  performs 
well  for  simple  alternatives,  yet  maintains  its  sensitivity  under  more 
general  types  of  scale  shift.  The  robustness  of  the  procedure  is  also 
investigated. 
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XENOFISH:  A  GENERALIZED  SIMULATION  MODEL  FOR  THE  UPTAKE  OF  AN  ENVIRONMENTAL 
CONTAMINANT  BY  FISH.  Svdor.  William  J. ,  Statistics  Dept. ,  Va.  Polytechnic  Inst, 
and  State  Unlv. ,  Blacksburg,  Va.  24060.  Based  upon  a  contaminant  Input  rate, 
the  XENOFISH  Simulation  Model  provides  a  method  of  estimating  the  mean  and 
standard  deviation  of  the  contaminant  concentration  within  individual  fish 
species.  The  model  describes  ecosystem  processes  and  contaminant  flow  pathways 
by  a  set  of  differential  equations;  each  fish  age-class  Is  modeled  as  a  separate 
system. component.  Data-based  forcing  functions  are  used  to  define  the  physical 
environment  and  external  loadings  of  particulate  matter,  nutrients  and  the 
contaminant.  Model  validity  is  addressed  in  terms  of  mass  balance  considerations, 
time  grid  and  parameter  sensitivity,  model  calibration,  and  comparison  with  site 
specific  data.  In  addition  to  its  predictive  capability  the  model  Is  a  valuable 
research  tool  which  may  be  used  to  complement  environmental  sampling  programs. 
Results  from  river  and  lake  simulations  are  discussed.  (Supported  by  the 
Statistics  Dept. ,  Va.  Polytechnic  Inst,  and  State  Unlv. ) 


CORRECTING  FOR  THE  EFFECTS  OF  ASYMMETRY  IN  NON- PARAMETRIC  TESTS.  Harold  T. 
Wilson,  Jr,  &  Gary  Ulrich,  Dept,  of  Stat.,  Va.  Polytechnic  Inst,  and  St.  Univ., 
Blacksburg,  Va.,  24061.  Many  distribution-free  tests  of  scale  exist  if  location 
parameters  are  known  (Mood,  Ansani-Bradley) .  If  location  parameters  are 
unknown,  a  natural  extension  would  be  to  perform  these  tests  on  the  residuals 
obtained  by  centering  the  observations  about  the  respective  location  parameter 
estimates.  If  the  underlying  distributions  are  symmetric,  these  tests  will  be 
strongly  asymptotically  distribution-free.  However,  if  the  underlying  dis¬ 
tributions  are  asymmetric,  these  tests  become  Invalid  since  the  variance  of  the 
test  statistic  is  Inflated  by  the  variability  of  the  location  estimates.  One 
method  of  countering  this  effect  is  to  estimate  the  variance  inflation.  Another 
method  is  to  perform  the  test  on  ’’symmetrized"  data.  Efficiencies  and  small 
sample  power  of  this  type  of  procedure  will  be  discussed. 


ESTIMATING  PARTIAL  GROUP  DELAY.  NIEN-FAN  ZHANG  &  ROBERT  V.  FOUTZ ,  Dept,  of 
Stat.,  Va.  Polytechnic  Inst.  &  State  Univ.,  Blacksburg,  VA  24061.  Estimators 
for  partial  group  delay  are  proposed  for  weakly-stationary  processes.  Condi¬ 
tions  for  weak  consistency  and  as3rmptotic  normality  of  the  proposed  estimators 
are  obtained,  and  extensions  are  made  to  group  delay  estimation  for  non-station- 
ary  "oscillatory"  processes.  Applications  to  a  multiple  test  of  causality  are 
Investigated. 
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NEWS  AND  NOTES 

PRESIDENTIAL  AWARD  FOR  EXCELLENCE  IN  SCIENCE  AND  MATHEMATICS  TEACHING:  In 
1983  President  Reagan  instituted  a  program  of  recognition  for  outstanding 
science  and  mathematics  teaching.  Each  state  selected  two  nominees  for  the 
national  competition  in  science  and  two  in  mathematics.  One  of  each 
state's  nominees  becomes  a  national  winner,  the  other  is  the  runner-up. 
The  1983  Virginia  nominees  in  science  were  Edna  Corbett  of  I.  C.  Norcom 
High  School,  Portsmouth  and  Dallas  W,  Cocke  of  The  Collegiate  Schools, 
Richmond,  Edna  Corbett  was  the  national  winner.  The  1983  nominees  in 
mathematics  were  Joyce  Weeks  of  Hampton  High  School ,  Hampton  and  Barbara 
Bass  of  St.  Catherine's  School,  Richmond.  Joyce  Weeks  was  the  national 
winner.  The  1984  science  nominees  were  Betty  Wade  Jones  of  N,  B.  Clements 
Junior  High  School,  Prince  -George  and  Anne  M.  Hancock  of  Patrick  Henry  High 
School,  Ashland.  Betty  Wade  Jones  was  the  1984  national  winner.  The  1984 
mathematics  nominees  were  Barbara  Bass  of  St.  Catherine's  School,  Richmond 
and  Janice  Mort  of  Thomas  Eaton  Middle  School,  Hampton.  Barbara  Bass  was 
the  1984  winner. The  1985  winners  in  science  and  mathematics  will  be 
announced  sometime  this  summer.  The  Virginia  Academy  of  Science  applauds 
these  outstanding  teachers. 

The  1985  Annual  Meeting  of  the  Virginia  Junior  Academy  of  Science  was  held 
in  conjunction  with  the  VAS  annual  meeting  at  The  College  of  William  and 
Mary.  Approximately  1300  students  and  their  teachers  and  sponsors 
registered.  There  were  28  concurrent  paper  sessions  involving  18  topics 
ranging  from  Agriculture  to  Zoology.  There  were  535  student  papers  read. 
These  were  selected  from  over  1000  papers  submitted  for  the  competition. 
Approximately  190  awards  were  given  at  the  Awards  Program  at  the  close  of 
the  meeting  on  Thursday,  May  16.  The  awards  included  certificates,  cash 
prizes  totalling  approximately  $4,500,  four  all  expense  paid  trips  to  the 
AJAS  meeting  in  Philadelphia  in  May,  1986,  and  a  $10,000  scholarship'. 

The  most  coveted  award  any  organization  gives  is  its  Distinguished  Service 
Award.  The  Virginia  Junior  Academy  of  Science  has  such  an  award  which  is 
given  when  the  time  and  service  rendered  to  the  VJAS  is  sufficient  to 
warrant  the  award.  In  1985  the  award  was  given  to  Mrs,  Dallas  W.  Cocke, 
The  Collegiate  Schools,  Richmond.  Mrs.  Cocke  was  featured  in  one  of  the 
first  Profiles  to  appear  in  the  Virginia  Journal  of  Science,  Vol.35,  No, 4 
where  her  contributions  to  the  VJAS,  VAS,  and  AJAS  are  described.  The 
award  was  most  deserved. 

The  first  Frances  and  Sydney  Lewis  Environmental  Science  Scholarship  was 
awarded  to  Elizabeth  M.  Tongier,  a  junior  at  Warwick  High  School  in  Newport 
News,  Virginia.  Elizabeth  qualified  for  this  award  by  submitting  a  paper 
to  the  Virginia  Junior  Academy  of  Science.  Her  topic  of  research  was,  "The 
Effect  of  the  Toxic  Chemical,  CuSO^,  Used  in  Reservoirs  on  Fish  Growth". 
The  paper  was  a  first  place  winner  in  one  of  the  Environmental  Science 
sections.  A  special  panel  of  judges  made  the  selection  from  those  students 
whose  papers  qualified  and  had  submitted  applications.  The  scholarship, 
valued  at  $10,000,  will  be  paid  to  the  college  of  her  choice  in  four  equal 
payments.  The  funds  for  the  scholarship  were  provided  by  the  Virginia 
Environmental  Endowment, 

The  Virginia  Junior  Academy  of  Science  annually  presents  two  awards  to 
Virginia  high  or  intermediate  school  science  teachers.  The  recipient  of 
the  Virginia  Academy  of  Science  Teacher  Award  was  Dr.  John  Lieberman,  a 
chemistry  teacher  at  T.  C.  Williams  High  School,  Alexandria,  The  VJAS  Club 
Sponsor  Award  is  made  possible  by  a  gift  from  Philip  Morris,  USA.  In  1985 
there  were  two  winners  of  this  award:  Wallace  0,  Pendleton,  a  biology 
teacher  at  Matoaca  High  School,  Ettrick;  and  Edgar  McConnell,  a  physics 
teacher  at  McLean  High  School,  McLean.  Each  received  a  certificate  in 
honor  of  this  recognition  and  $100.00. 
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Each  year  the  Virginia  Junior  Academy  of  Science  selects  four  students  to 
attend  the  American  Junior  Academy  of  Science  meeting.  The  AJAS  is  part  of 
the  National  Association  of  Academies  of  Science  which  meet  in  conjunction 
with  the  American  Association  for  the  Advancement  of  Science.  Selected  to 
attend  the  1986  meeting  in  Philadelphia  were  Bryan  P.  McAvoy  of  John  Rolfe 
Middle  School,  Richmond;  Rita  L.  Gilman,  Liberty  Junior  High  School, 
Ashland;  Suzanne  Wenderoth,  John  Handley  High  School,  Winchester;  and 
Jeffery  Skerker,  Mark  Twain  School,  Fairfax. 

The  Virginia  Junior  Academy  of  Science  serves  science  in  capacities  other 
than  its  annual  meeting  paper  competition.  The  Westinghouse  Science  Talent 
Search  for  Virginia  is  administered  by  the  VJAS.  The  STS  is  a  national 
competition  for  high  school  seniors  in  science.  The  top  winners  attend  a 
national  meeting  in  Washington  D.  C.  where  cash  awards  and  scholarships  are 
distributed.  The  VJAS  also  provides  personnel  to  select  the  state  winners 
to  attend  the  West  Virginia  Science  Youth  Camp.  This  is  an  all  expense 
paid  three  week  science  camp  conducted  by  the  state  of  West  Virginia.  It 
began  as  part  of  the  bicentennial  activities  of  1976  and  because  of  its 
success  has  continued.  Virginia  sends  one  outstanding  young  woman  and  one 
outstanding  young  man.  In  addition  the  members  of  the  VJAS  committee 
conduct  workshops  for  teachers  and  students.  These  presentations  help  new 
Science  Clubs  become  involved  in  VJAS  activities.  Committee  members  also 
carry  the  message  of  the  VJAS  to  other  states  where  similar  programs  are 
weak  or  lacking. 


The  National  Association  of  Academies  of  Science  and  the  American  Junior 
Academy  of  Science  organizations  held  their  annual  meeting  in  conjunction 
with  the  AAAS  in  Los  Angeles  May  26-31,  1985.  At  this  meeting  Dr.  Ertle 
Thompson,  Univ.  of  Virginia,  was  installed  as  president  of  the  NAAS. 
Virginia  was  represented  at  the  AJAS  by  four  students:  Elizabeth  Tongier, 
Warwick  High  School,  Newport  News;  Laura  Coltrane,  Denbigh  High  School, 
Newport  News;  Lauree  Stroud,  Hampton  High  School,  Hampton;  and  Craig 
Rogers,  John  Handley  High  School,  Winchester.  These  students  were  the  AJAS 
trip  winners  at  the  1984  VJAS  meeting  held  at  the  Univ.  of  Richmond.  Mr. 
and  Mrs.  Max  Tongier,  Mrs.  Patricia  Coltrane,  and  Mr.  Warren  Bennett  were 
part  of  the  Virginia  delegation.  Mrs.  Dallas  W.  Cocke,  The  Collegiate 
Schools,  Richmond,  is  the  Director  of  the  AJAS  and  was  responsible  for  the 
events  of  the  meeting.  She  was  assisted  by  Dr.  R.  Dean  Decker,  Univ.  of 
Richmond,  who  also  was  the  NAAS/AJAS  banquet  speaker.  His  topic  was 
"Beauty  and  the  Beast:  South  Africa",  a  slide  presentation  of  his 
botanical  expedition  to  South  Africa  in  the  fall  of  1984. 
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J.  SHELTON  HORSLEY  RESEARCH  AWARD 
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Gi  1  da  P .  Fe  rgu  son 
Hugo  R.  Seibel 
J  ame  s  L .  Mo  n tou  r 
John  D.  Wilson 


IVEY  F.  LEWIS 

DISTINGUISHED  SERVICE  AWARD 

D  r .  Art hu  r  W .  Burke,  Jr. 
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Dr,  Myron  Shear 


Professor  Edward  A. Crawford 
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R.eSOT_^UTlOT^ 
IN  MeMORV  OF 


T)awn-  (lampbcll 


tUneReAS,  Dawa  S.  Campbell  was  a  fellow  in 
dte  Virginia  Academy  of  Science,  and 

OOHeReAS,  she  was  a  member  of  the  governing~ 
committee  of  the  Virginia  Junior  Academy  of  Science 
for  sioc  years,  and  in.  1903  was  awarded  theVJA5 
Disttuguished  Service-  Award, 

Xfow,  therefore  be  it  resolved,  that  the  members  of~' 
the  Virginia  Academy  ofScietice  and  fheVirginia^^ 
Junior  Academy  of  Science  express  to  her  husband4 
15n  AddisotuX).  Campbell  and  her  family,  their  sympa^ 
tiiy  upon,  her  death/  and  their  deep  appreciation  and^ 
thanks  for  her  active  and  generous  service. 


Virginia  Academy  of  Science 
May,  1905 
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ABSTRACT 

In  today's  accelerating  world  of  high  technology,  astonishing  degrees  of 
"order"  are  being  poured  into  the  hardware  and  software  that  fuel  the  growth 
of  technological  power.  This  paper  will  address  the  human  impact  of  the 
increasingly  powerful  technological  devices  that  are  supposedly  being  designed 
and  marketed  "to  serve  man"  from  the  point  of  view  of  order  and  chaos.  Does 
technology  primarily  serve  man,  as  individual  and  as  society,  by  sharing  its 
growing  power  with  human  beings,  or  does  it  feed  on  our  order,  making  us  less 
and  less  potent,  more  and  more  dependent  on  the  strength  of  technology  to 
carry  us  along?  How  can  we,  as  individual  and  as  a  society,  minimize 
technology's  potential  for  flattening  of  human  capabilities  and  channel  the 
introduction  and  use  of  technology  towards  the  ends  of  creating  a  symbiotic 
relationship  in  which  the  order  residing  in  both  man  and  his  machines  grow 
together  to  create  a  more  humanly  meaningful  world. 


INTRODUCTION 

"Science  promised  man  power.  But,  as  so  often  happens  when 
people  are  seduced  by  promises  of  power... the  price  actually 
paid  is  servitude  and  impotence." 

John  Weizenbaum,  COMPUTER  POWER  AND  HUMAN  REASON 


"IBM  executives  see  no  end  to  the  demand  for  additional  power 
in  their  big  computers.  'The  world  wants  performance,'  says 
John  A.  Armstrong,  a  research  vice-president.  'No  matter  how 
much  we  deliver,  our  customers  want  more. 
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There  are  certain,  sometimes  stated,  sometimes  implicit  assumptions,  or 
values,  which  underlie  the  drive  towards  ever  more  potent  technologies.  It  is 
assumed,  e.g.,  power,  speed,  and  efficiency  are  all  good  things.  The  more  the 
better.  It  is  generally  assumed  that  when  machines  do  jobs  faster,  more 
efficiently,  more  cheaply  than  humans,  the  machines  should/must  replace  human 
workers.  It  is  assumed,  as  a  rule,  that  when  technological  devices  stimulate 
us,  amuse  us,  calculate  for  us,  do  our  "chores"  for  us,  save  us  effort,  even 
make  decisions  and  do  our  thinking  for  us,  they  are  doing  us  a  favor.  We  will 
take  a  close  look  at  these  and  other  assumptions  from  the  perspective  of 
whether  they  produce  more  or  less  chaos  in  society  as  a  whole,  and  in  the 
individual  lives  we  live  in  that  culture. 

We  will  assume  in  this  paper  that  when  the  impact  of  evolving 
technologies  results  primarily  in  the  creation  of  ever  increasing  chaos,  ever 
increasing  impotence,  ever  increasing  dependency  either  in  society  or  the 
individual,  that,  from  the  standpoint  of  us  humans,  this  technology  is  doing 
us  more  harm  than  good.  When,  on  the  other  hand,  the  evolving  technology 
enables  us  collectively  and  individually  to  reach  new  levels  of  understanding, 
to  realize  more  of  our  rich  potential  for  meaning  and  creation,  then  this 
technology  is  doing  us  more  good  than  harm.  Finally,  we  will  suggest  some  of 
the  things  which  should  be  done,  and  are  not  being  done,  to  tilt  the  scales  in 
favor  of  man. 
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ORDER 

"The  principal  mission  of  artificial  intelligence  is  to 
selectively  or  completely  replace  human  decision  making 
capability  with  machine  intelligence.  The  benefits  envisioned 
are  improved  productivity,  greater  profitability  and  products 
that  are  technically  superior." 

ARTIFICIAL  INTELLIGENCE  IN  MANUFACTURING-A  REVIEW 

"Expert  systems  are  a  class  of  computer  programs  that  can 
advise,  analyze,  categorize,  communicate,  consult,  design, 
diagnose,  explain,  explore,  forecast,  form  concepts,  identify, 
interpret,  justify,  learn,  manage,  monitor,  plan,  present, 
retrieve,  schedule,  test,  and  tutor.  They  address  problems 
normally  thought  to  require  human  specialists  for  their 
solution.  Some  of  these  programs  have  achieved  expert  levels 
of  performance  on  the  problems  for  which  they  were  designed." 

THE  TECHNOLOGY  OF  EXPERT  SYSTEMS 

Miraculous  as  it  may  seem  to  some,  the  elements  of  which  we,  as  human 
organisms,  are  now  composed  already  existed  as  huge  clouds  of  hydrogen  gas 
seeded  with  the  protostructures  for  life.  The  very  existence  of  these  clouds 
represents  enormous  potential  for  transformation.  The  existence  of  hydrogen, 
the  simplest  of  all  elements,  the  bread  and  butter  of  all  stars  in  the 
universe,  can  be  thought  of  as  the  order  behind  all  order  on  Earth.  It 
provides  the  energy  which  has  re-configured  the  higher,  more  complex  elements 
such  as  carbon,  oxygen,  nitrogen,  phosphorus  and  sulfur  into  ever  more  complex 
configurations,  including  the  human  being. 

Just  as  gravity  tends  to  snowball  the  collection  of  matter  into  ever 
larger  bodies  -  meteorites,  asteroids,  planets,  stars  -  order  also  mounts  on 
itself.  It  concentrates.  It  elaborates.  It  becomes  more  and  more  complex, 
more  and  more  potent.  But,  to  do  this,  order  must  somehow  overcome  the  Second 
Law  of  Thermodynamics  which  says  that  unless  order  is  pumped  into  a  system  the 
energy  it  contains  will  become  increasingly  impotent  with  time.  The  way  it 
does  this  can  be  thought  of  as  universal  cannibalism.  Order  eats  order.  It 
extracts  what  it  needs,  excreting  the  rest.  This  process  can  be  seen  at  all 
levels  in  nature.  From  viruses  invading  bacteria  to  the  evolution  of  ever 
more  powerful  supercomputers. 

What  does  the  evolution  of  supercomputers  have  to  do  with  bacteria 
consuming  viruses?  In  the  case  of  viruses,  it  is  quite  obvious  that  the  order 
contained  in  the  bacteria  is  being  bent  into  the  service  of  the  virus,  at  its 
own  expense.  It  is  clear,  as  well,  that  all  the  food  we  eat  to  maintain 
ourselves  was  once  living  organisms  that  we  have  destroyed  to  extract  the 
nutrients  we  must  have  to  survive.  It  is  likewise  apparent,  to  anyone  who 
cares  to  look,  that  our  industrial  civilization  is  consuming  the  Earth's 
dwindling  supplies  of  order  -  in  the  form  of  natural  resources  -  at  a 
ferociously  accelerating  rate  and  dumping  ever  greater  quantities  of  entropy, 
of  waste  heat  and  pollution,  into  the  environment  to  support  itself.  But, 
where  does  the  exponentially  growing  concentrations  of  order  that  is  being 
poured  into  computers,  artificial  intelligence  and  robotics  come  from? 

"Pluck  a  hair.  It  is  roughly  100  microns  in  diameter. 
Imagine  putting  a  grid  of  400  transistors,  each  made  of  lines 
as  narrow  as  a  single  micron,  on  a  piece  of  silicon  the  size 
of  the  end  of  that  hair.  Now  shrink  those  lines  to  half  a 
micron,  and  you  can  crowd  almost  1,500  transistors  into  the 
same  area.  Cut  the  measurements  in  half  again.  At  a  quarter- 
micron,  each  transistor  would  be  about  the  size  of  a  large 
virus,  and  you  would  have  room  for  4,500  of  them." 

"Before  the  end  of  the  century,"  predicts  James  0,  Mandl ,  co¬ 
director  of  Stanford  University's  Center  for  Integrated 
Systems,  "gigascale  integration',  a  billion  components  to  a 
chi p  wi 1 1  be  possible." 
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The  order  being  dumped  into  hour  high  technology  products  comes  from  the 
environment  in  which  it  is  produced  and  functions.  This  includes  the 
materials  from  which  it  is  made,  the  electricity  which  it  consumes.  Most  of 
all  a  computer's  environment  is  the  human  brain.  Our  minds  have  given  the 
computer  life;  they  have  conceived  it,  they  have  nurtured  it,  they  have 
developed  it,  they  sustain  it. 

Are  computers  and  the  high  technology  planets  which  orbit  them  like  the 
viruses  which  invade  their  bacterial  hosts,  extracting  the  bacterial  order  - 
its  vital  nutrients  -  turning  them  into  virus  producing  factories,  destroying 
their  hosts  in  the  process?  Or  are  computers  and  humans  more  like  symbionts 
which  mutually  sustain  each  other,  as  host  and  beneficial  parasite?  Or  do 
computers  represent  potentiality  for  both  beneficial  and  destructive 
relationship  with  their  human  hosts  and  it  is  up  to  us  to  see  to  it  the  former 
possibility  wins  out? 

Speculation  on  our  future  with  computers  and  robots  runs  the  full 
spectrum.  It  ranges  from  the  gloriously  positive  pronouncements  of 
technologists,  computer  scientists,  artificial  intelligence  and  robotics 
experts,  to  the  dire  predictions  of  Neo-Luddite  reactionaries. 

On  one  side  we  have  James  Albus,  Chief  of  Industrial  Systems  at  the 
NATIONAL  BUREAU  OF  STANDARDS,  and  one  of  the  world's  foremost  experts  on 
robotics  saying: 

"Robot  technology  offers  the  possibility  of  completely 
eliminating  poverty,  not  only  from  the  United  States,  but  from 
the  face  of  the  Earth.  The  cure  to  poverty  is  wealth  and 
robots  have  the  capacity  to  create  wealth  in  virtually 
unlimited  quantities.  Robots  are  almost  like  a  new  race  of 
creatures  willing  to  be  our  slaves:  they  will  work  for  the 
cost  of  their  purchase  price  plus  their  upkeep,  and  eventually 
they  may  reproduce  themselves  exponentially  declining  costs. 

The  self -reproductive  potential  of  robots  suggests  that  they 
might  be  manufactured  in  sufficient  quantities  to  provide  a 
robot  (or  two  or  three)  for  every  human  being. . .Robots  present 
us  with  the  means  to  enormously  increase  the  production  of 
food,  energy,  housing,  a  clean  environment,  health  care, 
education,  entertainment,  and  economic  security  for  all. 

Robots  provide  the  technical  basis  for  an  unprecedented 
increase  in  wealth,  security,  and  prosperity  for  everyone." 

James  S.  Albus,  BRAINS,  BEHAVIOR  AND  ROBOTICS,  pp.  338-339 


But,  there  are  others  who  think  differently.  As  playwright  Karel  Capek 
suggested  in  his  play  R.U.R.  (Rossum's  Universal  Robots),  if  you  endow  a  robot 
with  intelligence,  you  give  it  the  capability  to  reason  about  its  own 
condition  as  well  as  about  the  useful  tasks  it's  supposed  to  be  doing.  Albus 
proclaims  that  robots  will  be  our  willing  slaves.  They  will  reproduce 
themselves  in  exponential  fashion,  robots  building  robots  (as  they  already  are 
in  a  highly  automated  factory  in  Fuji,  Japan... at  night  the  factory  ran 
itself,  no  human  workers  are  required).  Every  human  being,  Albus  claims,  will 
have  one  to  three  robots  of  his  or  her  own.  If  we  are  talking  about  the 
entire  human  species,  we  are  taking  about  four  to  six  billion  robots.  Even  if 
he  means  the  present  industrialized  nations,  the  robots  would  number  in  the 
hundreds  of  millions. 

Albus  suggests  that  robot  evolution  will  be  very  fast,  so  the  scenario  he 
envisions  may  not  be  very  far  in  the  future  at  all. 

The  question  remains:  How  can  mankind  be  so  sure  that  robots  will  remain 
our  willing  slaves?  With  millions  of  rapidly  evolving  robots,  what  makes  us 
so  confident  that  they  will  not  go  out  of  human  control?  Says  Nigel  Calder  in 
his  book  1984  and  BEYOND: 


"We  should  already  be  very  careful  about  entrusting  computer 
systems  with  too  much  autonomy,  intelligence  and  reproductive 
capacity.  If  we  make  a  hyperi ntel  1  i gent  machine  it  will  be 
capable  of  outwitting  us  in  ways  we  cannot  even  guess  at." 
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MOTIVATION 

As  individual  human  beings,  or  as  a  company,  our  economic  value  to 
society,  when  all  the  trimmings  are  brushed  aside,  really  depends  on  our 
individual  or  collective  ability  to  produce  a  desired  "order"  in  the  world. 
To  go  from  a  state  of  nearly  total  dependency  at  birth  to  a  state  of  being  an 
order  contributing  member  of  society  requires  many  years  of  nurturing,  many 
years  in  which  we  draw  on  the  existing  order  in  our  family,  in  our  schools,  in 
our  society  to  raise  ourselves  to  a  level  of  usefulness.  We  are  educated,  we 
are  trained,  we  are  guided,  we  are  pushed,  we  are  honed  to  a  degree  of 
sharpness  in  which  our  internal  degree  of  organization  allows  us  to  win  cases, 
allows  us  to  weave  carpets,  to  fix  cars,  to  create  sculptures,  to  teach 
others,  to  serve  man. 

The  routes  each  of  us  must  follow  from  total  ignorance  to  knowledge,  from 
total  instinct  to  understanding,  to  the  ability  to  draw  from  experience,  to 
reason,  to  make  connections,  from  the  ability  to  do  nothing  to  the  state  of 
becoming  capable  of  creation,  share  one  thing  in  common,  they  all  take 
effort.  The  internal  order  required  to  produce  external  order  is  no  free 
ride.  Free  rides,  free  "highs"  can  only  be  on  the  downhill  side. 

As  the  machines  of  our  technological  society  grow  in  order,  in  power,  as 
the  sharpness  of  their  blades  exceed  their  human  counterparts  in  one  field 
after  another,  their  economic  worth  becomes  greater  than  ours.  They  will  win 
in  the  competition  for  jobs.  We  will  be  displaced.  We  will  become 

unemployed.  We  will  share  each  in  our  own  way,  the  words  of  a  machinist  whose 
skills  were  no  longer  required:  "I  felt  as  though  my  hands  were  crying." 

To  raise  ourselves  up  the  mountain  of  order,  requires,  first  and 

foremost,  an  idea  that  it  is  worth  the  effort,  and  yes,  the  suffering,  to 
climb.  It  took  many  years  of  devoted  effort  for  that  machinist  to  achieve  his 
skills.  Now,  in  a  flash,  those  years  are  thrown  away,  they  are  "no  longer 
required".  The  internal  mountain,  and  the  meaning  derived  from  climbing  it  to 
become  a  skilled  machinist,  no  longer  exists. 

It  is  claimed  by  Artificial  Intelligence  people  that  utopia  will  be 

achieved  when  machines  do  all  our  work  for  us.  But,  what  mountains  will  there 
be  left  to  climb  when  machines  are  already  at  a  much  higher  level  than  we 

humans  could  ever  reach?  Without  the  inspiration,  the  ideas  high  mountains 
provide,  what  will  motivate  the  coming  generations  to  exert  the  effort,  to 
endure  the  pain  of  climbing  futile  mountains? 


FREE  RIDES? 

Man's  pools  of  order  are  finite.  If  they  are  concentrated  in  one  area, 
some  other  area  will  be  deprived.  Those  areas  that  are  deprived  will  fall 
victim  to  the  Second  Law. 

Already  great  and  exponentially  increasing  quantities  of  order  are  being 
poured  into  the  machines  of  high  technology.  Because,  there  is  only  so  much 
order  available,  a  subtle  chain  of  deprivations  is  being  created.  This 
concentrating/exhausting,  this  ever  increasing  imbalance,  if  present  trends 
continue,  can  only  grow  in  the  future.  The  arguments  by  AI  scientists  that 
pouring  more  and  more  order  into  intelligent  machines  must  invariably  turn  out 
as  a  great  blessing,  freeing  man  from  all  toil,  is  a  grave  self-serving 
injustice  to  our  species.  In  the  race  to  intelligent  machine  power  and  robot 
"slave  labor"  there  will  be  little  order  left  over  to  help  the  displaced 
people  from  falling  prey  to  the  Second  Law. 

One  need  not  look  very  far  or  hard  today  to  see  the  consequences  of 
excessive  concentrating  or  order  into  machines  at  the  expense  of  our  own 
species.  The  exhaustion  of  order  pools  is  not  confined  to  the  ghettos  of  the 
large  American  cities.  It  appears  in  virtually  all  corners  of  society.  The 
affluent  are  by  no  means  immune. 

What  forms  do  these  deprivations  of  order  take?  One  which  hits  an 
already  large  and  ever  increasing  percentage  of  human  families  is  drug 
addiction.  Recently,  two  thirteen  year  old  girls,  who  were  with  my  wife  and  I 
on  a  white  water  raft  trip  down  the  Colorado  River,  spoke  about  the  very  high 
percentage  of  their  class  who  were  "into"  drugs  -  they  estimated  more  than  50% 
of  the  kids  their  age  who  were  heavy  into  cocaine,  pot,  angel  dust  and  other 
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drugs.  These  were  kids  from  affluent  homes.  This  was  not  an  inner  city 
ghetto  school,  it  was  a  private  academy  in  Connecticut. 

Electronic  consumer  technology,  in  addition  to  or  very  often  in 
combination  with  chemical  drugs,  provides  people  with  the  means  to  "free 
highs".  The  availability  of  electronic  stimulation  creates  a  feedback  effect 
in  which  ever  more  sophisticated  devices  are  needed  to  increase  the  dosage  of 
stimulation  required  to  give  the  user  -  or  addict  -  the  same  intensity  of  high 
feelings,  the  same  level  of  escape  from  pain,  boredom,  or  depression.  As  in 
the  case  of  chemical  drugs,  the  body  builds  buffers  to  technological 
stimulation  which  require  ever  greater  intensity  to  achieve  the  same  effect. 
In  the  area  of  electronically  amplified  music,  the  volume  level  must  continue 
to  increase,  the  beat,  the  mixing,  the  light  sound  choreography  must  all 
become  more  intense.  The  outrageousness  of  stage  performances  must  mount 
exponentially  to  keep  the  kids  screaming  with  ecstatic  hysteria.  What  moved 
us  a  year  ago,  does  not  move  us  any  more. 

This,  of  course,  is  great  for  the  evolution  of  consumer  electronic 
technology.  Competition  for  the  music  consumer's  dollars  drives  the  industry 
to  ever  new  levels  of  power  in  all  areas  of  the  entertainment  business.  When 
the  phonograph  first  appeared  in  human  society,  with  all  its  scratchy,  non- 
authentic  sound  and  tedious,  crude  operation,  it  could  nonetheless  move 
listeners  to  tears  when  Caruso  or  Toscanini  came  to  them  in  their  own  home  on 
their  own  personal  "Victrola".  But,  to  move  us  today  takes  far  more  than  a 
scratchy,  wobbly,  distorted,  hand  cranked  phonograph.  It  takes  a  marvel  of 
electronic  organization,  producing  ultra  low  distortion  reproduction  with  the 
power  to  vibrate  the  eardrums  almost  to  destruction. 

The  human  race  has  not  changed  in  the  extremely  short  span  of  time  from 
the  first  phonograph  to  today's  laser  discs.  What  has  changed  is  our 
sensitivity.  Our  feelings  have  been  flattened  by  the  success  of  the  devices 
we  have  invented  to  elevate  them.  Electronic  technology,  very  clearly,  rises 
upwards  on  the  stepping  stones  of  our  ever  deadening  sensitivity,  our  ever 
deadening  sense  capabilities. 

Combining  electronic  drugs  with  chemical  drugs  generates  much  greater 
highs  than  either  by  themselves,  but  also  demands  ever  increasing  doses  of 
both.  The  distinct  smell  of  pot  being  smoked  by  the  carload  at  rock  concerts 
and  at  many  movies  is  a  familiar  accompaniment  to  the  show  on  stage  and  on 
screen. 

The  Second  Law  of  Thermodynamics  is  behind  the  need  for  increasing 
dosages  of  either  electronic  or  chemical  drugs.  Both  forms  of  drug  flatten 
the  emotions,  flatten  the  ability  to  feel,  flatten  sensitivity,  and  in  the 
case  of  hyper  volume  music,  literally  make  steady  listeners  deaf.  Both  create 
ever  increasing  disorder,  ever  increasing  entropy  in  the  human  being.  He 
becomes  less  and  less  able  to  function  without  the  "lift"  provided  by  his 
drugs.  Technology  feeds  on  these  growing  addictions  as  well  as  the  chemical 
drug  industry. 

If  human  beings  do  not  have  the  demands  of  work  to  provide  order  in  their 
lives,  if  they  do  not  have  work  to  provide  meaning  from  accomplishment,  if 
they  do  not  even  have  the  competition  that  a  work  environment  stimulates  to 
motivate  them  to  create  order  in  themselves,  what,  given  the  ever  increasing 
predisposition  of  our  species  to  seek  out  free  highs,  will  become  of  our  kind 
in  the  new  paradise  with  no  work? 

Free  highs  decrease  the  internal  order  in  the  human  being.  They  lead  us 
down  the  slopes  of  entropy.  They  are  a  kind  of  skiing,  with  technological  and 
chemical  drugs  providing  the  increasingly  expensive  chairlifts. 


ON  THE  OTHER  HAND 

Not  all  human  interactions  with  technology  renders  us  impotent.  The 
research,  design,  and  engineering  of  new  technology  demands  a  high  degree  of 
human  thought,  a  great  deal  of  effort,  training  and  skill.  Solving  technical 
problems,  designing  and  troubleshooting  technical  devices  not  only  require 
high  levels  of  internal  order,  they  produce  it  as  well.  If  using  the  products 
of  technology  in  a  passive  way  is  order  flattening,  producing  those  products 
is  order  enhancing.  The  latter  resembles  the  relationships  of  mutually 
beneficial  symbionts.  Both  the  creator  and  the  created  nourish  and  sustain 
each  other. 
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If  man  is  to  truly  benefit  from  his  technological  creations,  the  symbiont 
relationship  between  the  scientist  or  engineer  and  his  creation  must  be 
stressed,  must  be  focused  on  in  all  human  interactions  with  technology,  be  it 
as  consumer  or  producer.  If  people  are  to  increase  their  internal  order  they 
must  interact  creatively,  must  be  motivated  to  exert  effort,  to  achieve,  to 
extend  themselves.  If  technology  can  allow  man  to  reach  new  plateaus  of 
understanding  and  creativeness,  then,  and  only  then  will  his  machines  truly 
serve  him.  Unfortunately,  there  are  many  whirlpools  which  must  be  avoided, 
many  very  high  barriers  standing  in  the  way  of  steering  technology  into  the 
true  service  of  man.  One  of  these  barriers  perhaps  the  most  difficult  to 
overcome  is  the  sheer  intensity  of  competition  to  develop  new,  ever  more 
powerful  technology. 


TO  WIN 

Perfection  of  means  and  confusion  of  goals  seem  to 
characterize  our  age.  If  we  desire  sincerely  and  passionately 
the  safety,  the  welfare  and  the  free  development  of  the 
talents  of  all  men,  we  shall  not  be  in  want  of  the  means  to 
approach  such  a  state. 

ALBERT  EINSTEIN 

To  win  the  contract,  to  meet  the  deadlines,  to  beat  the  competition,  to 
maximize  profits,  even  large,  well-established  corporations  must  push  their 
design  and  development  teams  to  devote  themselves  with  religious  fanaticism  to 
their  jobs.  An  accurate  account  of  the  total  commitment  attitude  of  teams 
developing  new  technology  products  in  highly  competitive  markets  is  given  in 
THE  SOUL  OF  A  NEW  MACHINE.  As  the  level  of  competition,  as  the  speed  of 
technological  innovation  mounts,  the  80+  hour  work  weeks  demanded  of 
technology  development  teams  will  be  more  and  more  the  norm.  The  standard  40 
hour  week  will  become  an  increasingly  unaffordable  luxury  for  those  who  employ 
and  those  who  are  employed.  The  price  of  this  level  of  job  commitment  will  be 
little  time  or  energy  for  developing  order  outside  the  domain  of  work. 

The  price  for  taking  the  time  and  effort  to  develop  oneself,  to 
experience,  to  do  things  beyond  the  mileau  of  the  job  is  becoming  more  and 
more  expensive.  One  cannot  afford  "sabbaticals".  The  fear  of  unemployment, 
the  fear  of  becoming  technologically  obsolete  on  one  side  and  the  lure  of  the 
fast  track  to  success  on  the  other  is  making  it  increasingly  difficult  to 
create  any  kind  of  reflective  distance  between  oneself  and  one's  job. 

What  is  true  for  the  individual  striving  to  survive,  to  keep  up  with  the 
pace  of  change,  to  stay  technically  and  economically  potent,  or  to  fast  track 
it  to  power,  to  success,  to  the  winner's  circle,  is  also  true  for  the  company, 
for  the  corporation  and  for  the  nation.  The  major  dilemma  of  our  time  is  that 
if  technology  is  to  truly  "serve  man",  attention,  thought,  money,  effort, 
tiine--in  a  word--0RDER  must  be  focused  on  the  human  impact,  the  human 
consequences  side  of  technology.  But,  when  one  must,  when  the  company  must, 
when  the  nation  must  survive,  must  win  in  the  technology  game,  there  will  be 
no  order  left  for  the  examining,  for  the  channeling,  for  the  preparing  of 
people,  or  of  oneself,  for  that  technology's  implementation. 

The  result  of  man's  inability,  at  all  levels,  to  devote  the  order  needed 
to  monitor  and  to  channel  his  evolving  technology  into  humanly  beneficial 
directions  is  an  engine  which  is  out  of  human  control  Technology  will  evolve, 
will  exponentially  grow,  not  as  a  servant  of  man,  or  as  a  "bringer  of  good 
things  to  life." 

As  technological  power  grows  in  field  after  field,  the  machines,  one  by 
one,  will  replace  man.  In  this,  no  area  of  human  work  is  immune.  Without 
focusing  the  resources  needed  to  prepare  people  for  the  impact  of  technology's 
change,  to  educate  people  to  interact  with  technology  in  ways  that  enhance 
their  own  internal  order,  to  make  people  aware  of  the  order  flattening  side  to 
the  use  of  technological  devices,  the  Second  Law  of  Thermodynamics  will  see  to 
it  that  order  is  extracted  from  people  to  feed  technology  in  a  humanly 
destructive  parasitic  relationship. 

As  more  and  more  people  are  thrown  out  of  work  by  robots  and  artificial 
intelligence,  as  the  source  of  their  internal  order  and  meaning  provided  by 
their  jobs  is  taken  from  them,  and  they  are  dumped  irresponsibly  to  fend  for 
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themselves,  the  drugs  of  technology  will  destroy  whatever  internal  order 
they  now  possess,  render  them  Impotent  and  their  lives  meaningless.  The 
increasingly  small  number  of  our  kind  that  are  on  the  '“inside"  of  technology, 
will  be  slavishly  devoted  to  the  evolving  complexities  of  the  machines.  They 
will  not  be  able  to  afford  the  order  needed  to  do  anything  but  work.  As 
consumers  of  their  own  products,  they  too  will  fall  prey  to  the  flattening 
side  to  technology's  use.  In  the  areas  of  their  work,  they  will  maintain  very 
high  degrees  of  internal  order.  But,  in  time,  as  their  machines  evolve  beyond 
the  capabilities  of  all  humans,  when  only  they  can  develop  themselves,  even 
the  best  and  the  brightest  will  fall  by  the  wayside.  Only  the  machines  will 
be  left. 


"Shrinking  chips  into  the  submicron  realm  is  spurring  a 
technological  revolution  in  chip  making  itself.  Semiconductor 
production  facilities  will  have  to  be  totally  automated 
because  the  mere  presence  of  a  human  being  can  contaminate  the 
manufacturing  process.  And  these  chips  will  be  so  complex 
that  only  computers  will  be  able  to  design  them," 

BUSINESS  WEEK 

But,  surely  this  dire  scenario  could  not  take  place.  Man  will  come  to  his  own 
rescue.  The  individual  will  come  to  his  own  defense. 

At  this  stage,  it  is  still  possible  for  man,  as  a  species,  for  man  as  an 
individual,  to  achieve  a  measure  of  dominion  over  his  machines,  and  over  his 
interactions  with  them.  But  this  will  require  drawing  energy,  drawing 
resources  away  from  the  technological  race  itself.  This  means,  in  effect, 
slowing  down. 

"There  is  no  doubt  that  the  major-force  propelling  the  United 
States  into  submicron  dimensions  is  competition  from  Japan. 

Such  Japanese  companies  as  Hitachi,  Fujitsu,  and  NEC  are  now 
mounting  a  determined  drive  to  extend  their  lead  in  advanced 
memory  chips..." 

BUSINESS  WEEK 

"The  American  semiconductor  industry  is  reeling  from  the 
assault.  The  Japanese,  without  mercy,  propose  to  wipe  out  our 
supremacy  in  this  industry,  based  on  our  own  research  and 
invention ..  .Here,  for  example,  is  Hitachi's  directive  this 
year  to  its  offices  in  Denver  where  it  is  trying  to  take  away 
the  semiconductor  market  from  America's  Intel  Corporation  and 
Advanced  Micro  Devices.  It  reads"  'Win  with  the  10  percent 
rule!  Find  AMD  and  Intel  sockets.  Quote  10  percent  below 
their  prices!  If  they  requote,  go  10  percent  again.  Don't 
quit  til  you  win! ' " 

THE  DANGER  FROM  JAPAN  by  Theodore  H.  White 

But,  how  can  you  slow  down  when  the  competition  is  going  full  bore 
ahead?  How  can  the  United  States  afford  anything  but  an  all  out  race  when 
faced  with  Japan,  Inc.  on  one  side  and  the  Soviet  Union  on  the  other?  How  can 
a  company  afford  to  slow  down,  when  your  rival  is  going  ahead,  all  guns 
ablaze?  How  can  you  take  the  time  as  an  individual  to  evaluate  the  impact  of 
technology  on  oneself,  or  on  one's  family,  to  establish  the  internal  order 
needed  to  rise  above  the  flattening  side  to  technology?  How  can  education, 
both  higher  and  lower,  afford  to  channel  resources  into  technology  impact 
studies  when  all  the  bucks,  all  the  power,  all  the  prestige,  all  the  keys  to 
tenure  are  on  the  side  of  technology's  inside? 

It  is  our  belief,  and  hope,  that  on  all  levels,  steering  the  great  ship 
of  technology  in  humanly  beneficial  directions  is  possible.  But,  it  will  take 
a  major  surge  of  order  being  poured  into  establishing  the  motivational  sockets 
to  do  so. 


CONCLUSION 

At  this  moment  in  the  history  of  our  species,  at  this  stage  in  the 
evolution  of  our  technology,  it  is  imperative  that  certain  crucial  questions 
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be  addressed.  It  is  still  possible  to  achieve  a  measure  of  control  over  the 
development  and  implementation  of  technology  now.  But,  as  the  machines 
rapidly  multiply  in  numbers  and  power,  and  our  dependency  on  them  grows 
likewise,  a  point  will  be  reached  where  the  future  is  totally  out  of  human 
hands  (and  mi nds) . 

It  is  our  contention  that  the  arrival  of  the  fusion  of  Artificial 

Intelligence  and  Robotics  represents  a  unique  watershed  in  human  history;  a 
break  with  the  past  that  has  no  historical  precedent.  In  the  past, 
technology,  in  fact  generated  more  human  jobs  than  it  eliminated.  But  we 
believe,  as  do  many  AI  scientists,  that  the  new  technology  has  the  potential 
for,  first  eliminating  all  human  work  by  developing  machines  that  do 

everything  better  than  we  do.  And  second,  of  replacing  the  entire  human 

species. 

By  design,  machines  are  our  obedient  and  able  slaves.  But 
intelligent  machines,  however  benevolent,  could  threaten  our 
existence  because  they  will  be  alternative  inhabitants  of  our 
ecological  niche. 

Hans  Moravec,  "The  Rovers",  in  ROBOTICS 

As  we  have  argued,  technology  is  absorbing  order  at  a  ravenously 

accelerating  rate.  It  receives  that  order  by  extracting  it  from  the  human 
environment  in  which  it  is  being  nurtured.  On  one  side,  e.g.,  that  of 

electronic  "stimulants",  evolving  technology  feeds  on  the  flattening  of  human 
internal  order.  In  this,  it  has  a  destructive  parasytic  relationship  with 

us.  On  the  other  side,  it  provides  order  to  the  people  on  whom  its  evolution 

depends,  i.e.,  the  scientists  and  engineers  who  carry  it  to  every  higher 

levels  of  power.  In  this,  it  interacts  with  man  in  a  mutually  beneficial 
symbiosis.  When  the  point  is  reached  though,  when  only  machines  are  capable 
of  creating  ever  more  powerful  machines,  this  relationship  will  be  phased 
out.  The  power  of  intelligent  machines  will  be  so  great  at  this  stage  that 
they  will  be  both  uncontrollable  and  unstoppable. 

We  must  ask  ourselves,  as  individual  human  beings,  and  we  must  ask 
ourselves  as  a  species:  Do  we  really  want  to  be  replaced?  Do  we  really  want 
to  precipitate  a  dead  end  street  for  our  offspring?  If  not,  then  the  control 
of  the  evolution  of  machine  intelligence  is  absolutely  necessary  now. 

If  man  is  to  have  a  say  on  his  own  future,  he  must  channel  a  great  deal 
of  order  into  examining  all  the  forces  and  factors  which  inhibit  the  control 
of  technology's  growth.  If  machines  are  to  join  in  a  mutually  beneficial 
symbiotic  relationship  with  our  species  on  both  the  development  and  the  user 
sides,  it  is  vital  that  interactions  with  machines  that  increase  the 
capabilities,  increase  the  internal  order,  increase  the  understanding  and 
meaning  in  the  lives  of  us  humans  be  focused  on  with  big  guns  and  stressed  in 
the  development  and  introduction  into  society  of  new  technology.  It  is 

equally  vital  that  the  effects  of  technology  on  the  side  of  flattening  human 

potential,  creating  dependencies,  and  rendering  us  impotent,  be  the  subject  of 
intense  scrutiny. 

If  technology  is  truly  "to  serve  man",  (and  not  on  a  plate)  attention 
must  be  focused  on  channeling  technology  into  directions  which  truly  enhance 
human  capabilities  and  away  from  the  fascination  our  civilization  has  with 
abstract  numbers  and  games. 

Devoting  the  resources  to  put  technology  onto  a  track  of  service  to  our 
kind  cannot  be  done  unilaterally,  It  can't  be  done  by  a  single  company,  a 

single  school,  a  single  nation.  The  rat  race  will  not  permit  this.  The 

evolution  of  machine  intelligence  impacts  the  entire  species  and  must  be  dealt 
with  by  the  entire  species. 
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ABSTRACT 

This  paper  is  a  review  of  850  years  of  history  for  worker  salary,  cost  of 
living,  and  productivity.  Nicholson'  Journal  of  1798  provides  data  on  English 
farming  back  to  1050  A.D,  by  reviewing  old  chronicles  and  household  records  of 
kings.  Modern  history  is  extended  using  American  farming  data,  compiled  by 
the  United  States  Department  of  Commerce  since  1804,  to  relate  the  past  to  the 
present.  Farming  1s  one  of  the  few  professions  with  a  long  continuous 
history.  The  industrial  revolution  and  automation  have  had  their  influence  on 
farm  employment  and  productivity. 

From  this  review  of  data,  relative  productive  wages  (defined  as  salary 
divided  by  cost  of  living  divided  by  productivity)  is  quantitatively  found  to 
have  been  constant  (within  +  a  factor  of  2)  for  850  years“-in  spite  of 
historical  events  such  as  the  Black  Plague,  Industrial  Revolution,  and  Great 
Depression.  Finally,  this  principle  of  relative  productive  wages  1s  used  to 
speculate  about  the  short  and  long  term  influence  of  automation  on  man's 
future  economic  standard  of  living. 


INTRODUCTION 

History  teaches  many  things.  In  this  paper  we  examine  how  wages,  the 
cost  of  living,  and  worker  productivity  have  changed  from  1050  A.D,  to  today 
in  major  countries  such  as  England  before  1800,  and  the  United  States  since 
1800.  Because  the  industrial  revolution  had  a  significant  Influence  on 
automation  (at  first  the  industrial  revolution  was  considered  to  be  the 
collapse  of  work,  production,  and  man's  general  prosperity)  this  historical 
review  infers  what  will  be  the  general  overall  future  effects  on  mankind 
caused  by  changes  in  productivity. 

Over  the  last  800  to  900  years  and  in  the  future,  one  industry  which  has 
always  existed  1s  farming.  The  conclusions  made  will  all  be  based  on  a  review 
of  wages  for  farm  hands,  farmer  productivity,  and  the  cost  of  living  (the 
price  which  farmers  must  pay  for  goods).  It  is  the  rewards  that  a  farmer  can 
purchase  with  his  labor  that  1s,  after  all,  a  measure  of  his  standard  of 
1  i  ving. 

HISTORY  OF  ENGLISH  FARM  PRICES 

In  1798,  Nicholson  published  a  journal  (Nicholson,  1978)  in  which  he 
reviewed  the  cost  of  farm  produce,  farm  salaries,  and  the  cost  of  living. 
Table  1  summarizes  some  of  his  prices  for  various  goods  at  different  times. 
Nicholson  compiled  his  table  by  reviewing  various  old  chronicles  and  the 
household  records  of  English  kings  since  the  Norman  conquest.  Examples  of  his 
sources  were: 

“Bishop  Fleetwood's,  Chronicon  Pretlofum,  1st  and  2nd  Editions 

-Liber  Garderobae,  1299 

-Collection  of  Ordinances  and  Regulations  of  the  Royal  Household  in 

divers  Reigns,  from  Edward  III  to  Ki ng 'Wi 1 1 i am ^and  Queen  Mary,  London, 

1790 


Table  1.  Prices  for  Various  Goods  at  Different  Times 
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-The  Sketch  of  the  Establishment  of  this  Kingdom,  temp.  Edward  III ,  et 

feqq.  by  J.  Bree,  1791 

-Archaeologia,  Volume  II 

-An  Enquiry  into  the  Prices  of  Wheat  and  Other  Provi sions  in  Engl  and, 

from  the  Year  1000  to  1765,  by  Mr.  Combrune,  1768 

-Adam  Smith,  Wealth  of  Nations 

Nicholson's  table  of  prices  would  be  incomplete  had  he  not  also 
published:  1)  a  table  of  wages  for  farmhands,  and  2)  his  version  of  a  cost 
of  living  index  since  the  year  1050  A.D.  The  base  year  for  Nicholson's  cost 
of  living  index  Is  the  year  1550  where  his  index  equals  100,  just  as  the 
current  United  States  Department  of  Commerce  uses  1967  for  an  index  value  of 
100  in  today's  cost  of  living  indices.  Table  2  contains  a  summary  of 
Nicholson's  salary  and  cost  of  living  information. 

From  Table  1  we  can  see  that  costs  have  increased  through  the  ages  in 
England,  and  from  Table  2  we  can  see  that  wages  have  also.  Between  1150  and 
1795,  both  the  cost  of  living  and  wages  experienced  more  than  a  twelve-fold 
increase.  This  information  infers  that  economically,  the  worker  (farmhand) 
under  Henry  II  had  essentially  the  same  standard  of  living  as  during  George 
Ill's  reign  (actually  it  was  slightly  better  under  Henry  II). 


Table  3.  Wages  and  Cost  of  Living  in  U.S. 


Date 

Cost  of  Living 

Wages 

S/Oay 

1798 

0.40 

1806 

47 

0.40 

1810 

48 

0.40 

1815 

51 

0.40 

1820 

42 

0.40 

1825 

34 

0.40 

1829 

32 

0.50 

1866 

44 

0.90 

1869 

40 

0.85 

1875 

33 

0.95 

1880 

29 

0.90 

1885 

27 

0.95 

1891 

27 

1.00 

1895 

25 

0.85 

1899 

25 

1. 00 

1902 

26 

1.10 

1909 

27 

1.25 

1915 

30 

1.40 

1917 

38 

1.90 

1920 

60 

3.30 

1921 

54 

2.05 

1925 

53 

2.35 

1929 

51 

2.30 

1930 

50 

2.15 

1933 

39 

1.15 

1935 

41 

1.35 

1940 

42 

1.60 

1942 

49 

2.55 

1945 

54 

4.35 

1950 

72 

4.50 

1955 

80 

5.30 

1960 

89 

6.60 

1965 

95 

7.60 

1970 

116 

11.70 
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^  UNITED  STATES  PRICE  AND  WAGE  HISTORIES 

A  logical  question  is  how  have  wages  and  the  cost  of  living  changed 
between  1795  and  today?  This  question  is  answered  using:  1)  the  United 
States  Department  of  Commerce  cost  of  living  index,  which  has  been  evaluated 
back  to  1804,  and  2)  a  compilation  of  farm  wages  (U.  S.  Bureau  of  Census, 
1975)  compiled  in  the  United  States  for  this  same  period.  Switching  from 
England  to  the  United  States  is  a  reasonable  transition  because  the  United 
States  becomes  the  dominant  world  agricultural  nation  in  the  1800's.  Table  3 
summarizes  how  the  cost  of  living  and  average  wages  for  farmhands  changed  in 
the  United  States.  The  basis  for  comparison  is  now  dollars  per  day  rather 
than  shillings  and  pence,  and  the  United  States  cost  of  living  index  uses  a 
base  year  of  1967  rather  than  1550  as  in  Nicholson's  compilation. 

The  next  step  is  to  combine  this  old  English  and  modern  United  States 
information  into  a  useful  format  for  studying  what  has  happened  overall,  and 
for  drawing  conclusions  concerning  the  future.  This  can  be  done  by  converting 
English  pence  to  United  States  cents,  and  by  assuming  that  the  United  States 
cost  of  living  index  of  45  in  1804  essentially  equals  Nicholson's  index  of  562 
in  1800.  This  four-year  difference  is  being  ignored.  The  United  States  cost 
of  living  index  relative  to  the  English  one  of  1550  is  shown  in  Table  4.  As 
can  be  seen  in  Table  4,  prices  in  1967  were  49  times  greater  than  in  1050  A.D. 

ANALYSIS  OF  HISTORY 

Money  is  only  a  medium  of  exchange;  it  has  no  absolute  value.  What  is 
important  to  a  worker  is  what  quantity  of  goods  may  be  purchased  with  his 
wages?  Thus,  an  indication  of  how  the  worker's  standard  of  living  has  changed 
through  the  years  is  obtained  by  using  the  quotient““wages  divided  by  cost  of 
living.  If  we  define  this  quotient  as  relative  wages  (this  is  exactly  what  it 
represents),  a  plot  can  be  made  of  relative  wages  versus  time.  Figure  1  is 
this  plot  made  on  semi -log  paper.  A  semi -log  plot  is  appropriate  because  a 


Table  4. 

Relative  Cost  of  Living 

Indices 

England 

U.S. 

Year 

(1550  Base) 

(1967  Base) 

1050 

26 

2.1 

1100 

34 

2.7 

1150 

43 

3.4 

1200 

51 

4.1 

1250 

60 

4.8 

1300 

68 

5.4 

1350 

77 

6.2 

1400 

83 

6.6 

1450 

88 

7.0 

1500 

94 

7.5 

1550 

100 

8.0 

1600 

144 

11.5 

1650 

188 

15. 

1675 

210 

17. 

1700 

238 

19. 

1720 

257 

20.5 

1740 

287 

23. 

1750 

314 

25. 

1760 

342 

27. 

1770 

384 

31. 

1780 

427 

34. 

1790 

496 

39.7 

1795 

531 

42.5 

1800 

562 

45. 

Nearly 

1967 

100. 
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Figure  1.  Relative  Wages  Through  the  Ages. 


straight  line  would  represent  constant  compounding,  the  slope  of  which  would 
be  the  rate  at  which  the  economic  standard  of  living  is  changing. 

Figure  1  shows  that  relative  wages  changed  very  little  between  the  1100' s 
and  the  late  1700's.  Actually  the  worker's  economic  standards  deteriorated 
with  each  century,  but  the  change  was  small.  In  the  late  1700' s  however,  the 
industrial  revolution  brought  machinery,  and  the  machinery  harnessed  energy, 
so  each  worker  could  become  more  and  more  productive.  Figure  1  shows  that 
after  the  late  1700' s,  the  worker's  wages  grew  faster  than  the  cost  of 
living.  Economically,  each  new  generation  of  workers  after  the  1700's  became 
wealthier.  Even  major  economic  historical  events  such  as  the  black  plague  and 
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great  depression  caused  only  small  temporary  shifts  in  the  trends  shown  in 
Figure  1.  Over  the  long  course  of  time,  these  historical  events  were  fairly 
meaningless  economically. 

Figure  1  suggests  that  after  the  late  1700' s  an  important  change  has  been 
made  which  allowed  relative  wages  to  rise.  The  industrial  revolution, 
starting  with  the  sudden  change  in  Figure  1,  meant  that  each  worker  became 
more  productive.  Each  farmer  in  1970  was  feeding  47.1  people,  whereas  in  1795 
each  farmer  was  only  feeding  four  people.  The  number  of  farmers  as  a 
percentage  of  population  decreased  as  each  farmer  fed  more,  but  each  remaining 
producing  ten  times  as  much  as  his  neighbor,  the  more  productive  person  will 
be  paid  more,  almost  in  proportion  to  his  productivity.  This  line  of 
reasoning  suggests  that  relative  wages  should  be  divided  by  productivity 
whenever  economic  worth  is  evaluated. 

The  quantity,  wages  divided  by  cost  of  living  divided  by  productivity, 
will  be  defined  as  rel ati ve  producti ve  wages.  A  farmer's  productivity  is 
number  of  people  fed.  Table  5  shows  how  relative  productivity  for  farm  works 
has  changed  through  the  ages.  This  table  illustrates  the  major  conclusion 
being  made  in  this  paper. 


Table  5.  Productivity  and  Relative  Productive  Wages 


Number  People 


Year 

Supplied  Per  Farmer 

Waqes/(C.  of  L. ) (Productivity) 

1150 

3.00 

0.0040 

1350 

3.25 

0.0030 

1450 

3.40 

0.0032 

1550 

3.60 

0.0028 

1675 

3.80 

0.0023 

1740 

4.90 

0.0022 

1795 

4.00 

0.0030 

1815 

4.10 

0.0019 

1830 

4.00 

0.0039 

1845 

4.20 

0.0044 

1866 

4.50 

0.0046 

1880 

5.60 

0.0055 

1899 

7.00 

0.0057 

1915 

7.50 

0.0062 

1931 

9.80 

0.0037 

1935 

10.00 

0.0033 

1942 

13.00 

0.0040 

1950 

15.50 

0.0040 

1955 

19.50 

0.0034 

1960 

25.80 

0.0029 

1965 

37.00 

0.0055 

1970 

47.10 

0.0053 

Average  0.0038 


Table  5  shows  that  for  850  years  relative  productive  wages  have  been 
essentially  constant.  The  average  for  farm  workers  is  0.0038,  give  or  take 
less  than  a  factor  of  2.0,  The  number  0.0038  is  the  median  as  well  as  the 
mean  for  the  numbers  in  Table  5,  so  values  are  not  very  skewed.  Although 
Table  5  has  been  developed  using  farmers  because  of  their  long  history,  we 
would  expect  (but  have  not  proven)  relative  productive  wages  to  be  almost 
constant  for  any  profession  with  a  long  history. 
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CONCLUSIONS 

Several  conclusions  are  to  be  drawn  from  relative  productive  wages  being 
constant  which,  if  one  thinks  about  it,  are  almost  self  evident.  Conclusion  1 
is  that  if  productivity  does  not  change,  wages  will  maintain  the  same  ratio 
relative  to  cost  of  living,  and  no  significant  improvement  in  economic 
standard  of  living  will  occur  in  the  long  run.  Actually,  in  the  long  run 
without  a  production  increase,  relative  wages  will  decline  because  machinery 
has  converted  energy  into  production.  Surface  sources  of  energy  are  being 
depleted,  and  man  is  now  going  to  more  costly  energy  sources  deeper  in  the 
earth  and  into  the  oceans.  Overall,  this  can  only  mean  a  long  run 
deterioration  without  new  productivity  increases--f rom  robotics,  an  invention 
of  a  new  energy  source,  etc. 

Conclusion  2  is  that  the  only  real  method  of  increasing  economic  buying 
power  [Wages/Cost  of  Living]  over  the  long  run  is  to  become  more  productive. 
While  fewer  workers  will  remain  in  a  given  industry  as  robotics,  automation, 
and  artificial  intelligence  makes  each  worker  more  productive,  those  who  do 
remain  will  have  a  higher  economic  standard  of  living  (either  because  they 
will  be  paid  more  or  because  they  will  have  increased  leisure  time).  Those 
who  are  displaced  will  be  the  less  efficient,  and  they  will  have  to  be  shifted 
to  other  occupations  which  should  increase  mankind's  overall  standard  of 
living  provided  the  new  occupations  are  productive. 

A  possibility  exists  that  over  the  short  run  a  two  tier  society  (the 
productive  members  of  society  being  rewarded  and  the  unproductive  members  of 
society  in  transition)  will  develop.  If  the  principle  of  relative  productive 
wages  being  constant  is  applied  to  individuals  across  occupations,  rather  than 
within  a  single  occupation,  this  conclusion  would  be  reached.  The  validity  of 
applying  this  principle  of  relative  productive  wages  across  occupations  has 
not  been  proven,  however. 

At  the  start  of  the  industrial  revolution,  worker's  broke  power  looms, 
new  machinery,  etc.,  as  they  considered  it  a  threat  to  their  jobs.  Without 
the  industrial  revolution,  however,  life  as  we  currently  know  it  would  not 
exist.  Robotics,  automation,  and  artificial  intelligence  are  nothing  more 
than  the  next  step  in  this  industrial  revolution. 
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CONTRIBUTIONS  OF  AGRICULTURAL  SCIENCE  TO  SOCIETY 

Scientific  research  has  disclosed  various  ways  to  offset  diminishing 
returns  and  continue  to  increase  the  productivity  of  agriculture.  This  has 
permitted  continual  increases  in  the  supply  of  agricultural  products  at 
relatively  low  costs. 

This  has  surely  been  one  of  the  most  important  contributions  of 

technology  to  the  benefit  of  mankind.  The  welfare  of  all  consumers, 

especially  the  poor,  is  greatly  benefitted  by  low  cost  food.  Modern 
technology  has  also  permitted  the  release  of  labor  from  agriculture  to  produce 

the  many  other  goods  and  services  (including  leisure)  demanded  by  consumers  as 

thei r  i ncomes  ri se. 

Studies  of  costs  and  benefits  in  national  agricultural  research  systems 
have  found  a  number  of  technologies  with  estimated  annual  economic  returns  in 
the  range  of  20%  to  50%.  (Ruttan,  1978) 

Changes  in  agricultural  technology,  based  on  scientific  research,  can 
play  extremely  important  roles  in  economic  growth  and  development.  However, 
new  agricultural  technology  does  not  always  benefit  everyone.  Critics  of  the 
patterns  of  past  economic  growth  and  development  are  especially  concerned 
about  the  impacts  of  the  process  on  the  environment,  the  distribution  of 

income,  social  relations  and  cultural  values. 

Important  technological  changes  usually  require  substantial  reallocations 
of  resources,  often  including  labor.  The  mass  uprootings  involved  in  the 
transformation  from  rural  farm  societies  to  urban  locations  and  non-farm  work 
has  imposed  heavy  burdens  on  many  who  were  ill -prepared  to  bear  them.  Also, 
the  introduction  of  new  agricultural  methods  has  sometimes  had  destructive 
environmental  impacts.  These  are  very  serious  problems  which  must  receive 
more  attention. 

We  should  try  to  reduce  the  negative  effects,  but  we  must  also  seek  a 

proper  balance  of  the  beneficial  and  the  harmful  aspects  of  development. 

There  are  two  major  problems  in  evaluating  the  balance  of  costs  and 

benefits  of  agricultural  science.  One  is  measurement  of  what  causes  what. 
This  always  difficult  in  social  science,  but  especially  so  in  trying  to 
unravel  the  complexities  of  the  many  forces  acting  over  periods  of  decades  and 
affecting  economic  growth  and  development.  The  other  problem  is  the  weighting 
of  the  various  costs  and  benefits,  which  necessarily  requires  value 
judgments. 

People  of  good  will  can  differ  in  their  evaluations  ad  conclusions,  but  I 
think  that  agricultural  science  has  made  great  net  contributions  to  society  in 
the  past,  and  has  the  potential  to  make  great  contributions  in  the  future, 
especially  in  the  poor  countries.  I  think  the  poor  countries  should  put  a 
very  high  priority  on  more  rapid  economic  and  agricultural  growth;  and  we 
should  give  them  more  effective,  assistance  towards  those  ends. 

Choice  of  the  status  quo  in  the  organization  and  technology  of 
agriculture  is  not  a  viable  option.  Somehow,  we  must  greatly  increase  the 

supplies  of  agricultural  products.  The  world's  consumers  may  demand  double 
the  present  production  of  food  30  or  40  years  from  now.  Researchers  must  find 
substitutes  for  the  limited  amount  of  farmland  on  the  earth  s  surface,  to 
offset  diminishing  returns  and  prevent  increasing  costs. 
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The  Food  and  Agricultural  Organization  of  the  United  Nations  has  said: 
"-“the  rapidly  rising  demands  for  agricultural  products  in  the  face  of  limited 
natural  resources  call  for  an  increasing  reliance  on  science  and  technology. 
The  man/1  and  ratio  in  developing  countries  is  expected  to  fall  from  0.9 
hectares  in  the  mid-1970's  to  0.5  hectares  of  potential  arable  land  by  the 
year  2000,  and  water  resources  which  are  easy  to  develop  and  use  are  becoming 
scarce.  Research  must  play  a  fundamental  role  in  increasing  agricultural 
production,  bascially  by  raising  yields.  The  agriculture  of  the  future  in 
developing  countries  must  become  more  science-based  countries."  (Food  and 
Agriculture  Organization  of  the  United  Nations,  1979) 

We  must  greatly  expand  agricultural  production  in  the  future,  but  the 
location  of  the  increases  will  also  be  extremely  important.  The  co-existence 
of  large,  and  burdensome  surpluses  in  a  number  of  countries,  and  widespread 
starvation  in  others,  demonstrates  the  importance  of  the  geographic  location 
of  food  production. 

Far  too  much  food  is  produced  in  some  places,  and  far  too  little  in 
others.  The  more  developed  countries,  with  productive  agriculture,  based  on 
advanced  technology,  frequently  stimulated  by  price  supports  and  subsidies, 
often  produce  too  much.  Many  of  the  less  developed  countries,  with  more 
primitive  technologies,  often  held  back  by  depressed  prices  and  poor 
infrastructure,  produce  far  too  little. 

The  less  developed  countries  will  have  by  far  the  greater  future  growth 
in  their  needs  for  food.  But  they  also  will  have  desperate  needs  for 
productive  farm  work  for  their  rapidly  growing  labor  forces.  The  coming 
increases  in  their  labor  forces  cannot  all  be  absorbed  in  non-farm  work  for 
many  years.  But  they  cannot  be  productively  employed  in  farm  work  for  without 
rapid  improvements  in  agricultural  technologies.  Relief  from  subsidized 
competition  of  farmers  in  the  developed  countries  will  also  be  important. 

The  coexistence  of  surpluses  and  shortages  and  has  a  number  of  causes, 
but  government  policies  play  leading  roles.  In  the  developed  countries, 
agricultural  interest  groups  have  had  sufficient  political  power  to  gain  major 
support,  in  the  form  of  large  subsidies  and  prices  maintained  at  high  levels 
by  government-sponsored  programs.  In  many  of  the  developing  countries  an 
opposite  situation  has  prevailed.  Farmers,  especially  poor  operators  of  small 
farms,  have  little  political  power  and  food  prices  for  urban  areas  have  been 
depressed  by  government  actions. 

Also,  the  allocation  of  scientific  resources  to  increasing  agricultural 
productivity  has  not  been  at  all  consistent  with  the  needs.  Over  the  years, 
investments  in  scientific  research  for  agriculture,  whether  expressed  as  per 
capita,  per  farm  worker,  per  acre,  or  per  unit  of  agricultural  output,  have 
been  small  in  the  less  developed  countries.  The  need  to  increase  scientific 
research  on  agriculture  in  the  developing  countries  has  been  discussed  for 
many  years,  but  progress  has  been  slow. 

One  authority,  speaking  in  1979,  said  "--all  efforts  to  bring  existing 
scientific  capacity  to  bear  on  agricultural  development  problems  in  the  LDC's, 
in  my  judgment,  have  fallen  far  short  of  that  which  is  and  will  be  needed. 
After  thirty  years  of  international  cooperation  to  accelerate  agricultural 
growth  in  the  LDC's,  few  such  countries  have  anywhere  near  adequate 
agricultural  research  capacity."  (Woods,  1979) 

Expenditures  on  agricultural  research  for  the  developing  countries  as  a 
group  have  greatly  increased  in  the  last  few  years.  However,  agricultural 
technology  still  lags  greatly  especially  in  the  poorer  countries.  The 
greatest  improvements  have  been  in  yields  of  rice  and  wheat  in  the  "green 
revolution".  Farmers  in  many  developing  countries  benefitted  little  from 
those  improvements.  African  countries  are  especially  short  of  improved 
techniques  to  work  their  farms. 

THE  UNITED  STATES  AGRICULTURAL  RESEARCH  SYSTEM 

The  productive  agriculture  of  the  United  States  has  to  a  considerable 
extent  been  built  on  a  highly-developed,  publicly-supported  scientific 
research  system.  Foundations  and  private  research  have  also  played  important 
roles  in  the  development  of  improved  technologies. 

Publicly  supported  agricultural  research  in  the  United  States  began  about 
a  hundred  years  ago.  The  United  States  Department  of  Agriculture  was 
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established  in  1862,  as  were  the  Land-Grant  Colleges  in  some  states,  although 
some  Land-Grant  colleges  were  not  established  until  1890.  The  colleges  were 
to  teach  farmers  about  new  agriculture  practices.  In  1887  the  Hatch  Act 
established  Agriculture  Experiment  Stations  in  the  States  to  do  research  to 
generate  new  technology.  In  1914  the  Smith-Lever  Act  established  the 
Cooperative  Extension  Service  to  disseminate  knowledge  of  new  technology. 

A  1976  study  described  the  system.  It  involves  "six  Department  of 
Agriculture  agencies,  55  State  agricultural  experiment  statiions,  15  schools 
of  forestry,  16  land-grant  colleges  of  1890  and  Tuskegee  Institute.  At  that 
time  these  agencies  spent  over  10,000  man-years  on  agricultural  research." 
(U.S.  General  Accounting  Office,  1976) 

Public  funds  allocated  for  agricultural  research  and  extension  (at 
Federal  and  State  levels)  in  the  United  States  in  1984  was  estimated  at  about 
$3  billion  annually.  (Office  of  Technology  Assessement,  1985) 

The  USDA-Land  Grant  University  scientific  research  system  has  its 
critics,  but  it  has  made  major  contributions  to  economic  and  social 
progress.  The  price  of  basic  food  items  relative  to  workers  wages  have  fallen 
greatly.  Between  1930  and  1984  the  price  of  nine  basic  "market  basket"  food 
items  fell  by  more  than  60  percent,  in  terms  of  workers'  time  required  to 
purchase  them.  (Teigen,  1985) 

Scientific  research  has  contributed  to  the  growth  of  productivity  of 
United  States  agriculture.  "Productivity"  is  measured  as  the  ratio  of  the 
price-weighted  total  of  outputs  over  inputs  in  the  agricultural  sector.  The 
rates  of  growth  in  productivity  of  United  States  agriculture  have  varied. 
Between  1910  and  1935  yields  of  crops  did  not  increase  significantly. 
Production  of  crops  remained  about  level.  Demand  for  crops  fell  because  of 
reduction  in  overseas  demand  after  World  War  I,  and  because  of  reduced  demand 
for  feed  as  mechanization  replaced  horsepower,  and  farm  prices  were  depressed. 

Between  1935  and  1950  output  grew  rapidly,.  Total  inputs  also  increased, 
and  productivity  grew  at  1.9  percent  annually.  Between  1950  and  1965  output 
grew  but  total  inputs  decreased,  and  productivity  grew  at  2.4  percent  rate. 
Since  1965  total  inputs  again  increased  and  productivity  growth  fell  to  1.7 
percent  annually.  (Teigen,  1985) 

The  improved  technologies  have  permitted  the  release  of  labor  from 
agricultural  work.  In  the  United  States  this  has  progressed  very  far. 
Between  1950  and  1969  farm  employment  fell  by  half.  (Teigen,  1985)  In  1980 
agriculture  employed  only  2%  of  the  total  labor  force.  (World  Bank,  1983, 
Volume  II) 

State  Agricultural  Experiment  Stations  are  supported  by  a  mixture  of 
state  and  Federal  funds.  Federal  funds  are  allocated  to  State  Agricultural 
Experiment  Stations  "--on  a  formula  basis,  taking  into  account  population  and 
other  factors." 

Use  of  USDA  funds  has  been  generally  restricted  to  research  directly 
related  to  domestic  agriculture.  This  has  reduced  the  ability  of  research 
directors  to  undertake  basic  scientific  research.  In  June,  1977,  the  Office 
of  Technology  Assessment  (OTA)  said  that  funds  had  been  increasingly  allocated 
to  deal  with  immediate  or  short  term  problems,  to  the  neglect  of  basic 
research  "whose  payoff  is  long  term."  (Office  of  Technology  Assessment,  1977) 

The  OTA  report  said  that  among  scientists,  there  is  "--substantial 
agreement  that  funds  for  high-priority  basic  food  production  research  should 
not  be  allocated  on  a  formula  basis — cost-effective  way  of  financing  increased 
basic  reserach  to  increase  food  production  is  through  a  competitive  award 
program"  to  the  qualified  scientists  submitting  the  best  proposals,  as  rated 
by  peer  review  committees.  (Office  of  Technology  Assessment,  1977)  Later  a 
competitive  awards  program  was  implemented,  but  relatively  small  amounts  of 
funds  have  been  committed  to  it. 

In  1983  the  Board  on  Agriculture  of  the  National  Research  Council  held  a 
convocation  to  discuss  potential  contributions  of  genetic  engineering  to 
agriculture.  The  report  of  the  convocation  said:  " — USDA  does  not  have  a 
strong  program  to  support  investigator-initiated  research.  The  exception  is 
the  small  USDA  Competitive  Grants  Program.  In  Fiscal  1982,  S16.3  million  was 
available  for  competitive  grants;  of  that  only  about  one-fifth  of  the  grants 
funded  were  in  the  field  of  plant  molecular  biology."  (Board  on  Agriculture 
National  Research  Council,  1984,  p.54) 

One  of  the  participants,  discussing  the  applied  focus  of  the  USDA-Land 
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Grant  University  system  said:  "This  system  has  worked  remarkably  well  in 
fostering  agricultural  productivity,  but  in  the  kinds  of  problems  we  confront 
in  agriculture  today,  it  appears  to  have  been  something  of  a  mixed  blessing. 
The  same  system  that  by  and  large  has  excelled  at  sustaining  effective 
relations  with  the  agricultural  community  has,  over  the  last  few  decades 
contributed  to  the  declining  association  of  agricultural  reserach  with  basic 
science."  (Board  of  Agriculture  National  Research  Council,  1984,  p.  55) 

To  evaluate  the  needs,  and  opportunities  for  further  scientific  reserach 
on  United  States  agriculture  OTA  recently  commissioned  leading  scientists  in 
each  of  28  technology  areas  to  prepare  papers  on  the  state  of  their  art. 
These  were  used  in  analysis  of  the  impact  of  emerging  technologies  on  United 
States  agricultural  productivity.  (Office  of  Technology  Assessment,  1985)  The 
OTA  "Special  Report  for  the  1985  Farm  Bill"  is  mainly  concerned  with  possible 
impacts  of  new  technology  on  the  "structure"  (i.e.,  farm  size,  labor  use, 
ownership  and  control,  and  related  issues)  of  agriculture. 

The  issue  of  technology  and  structure  of  United  States  agriculture  is  of 
some  academic  and  political  interest,  but,  it  seems  to  me  to  be  of  little 

social  importance  at  our  present  stage  of  development. 

The  OTA  report  speaks  of  the  technical  possibilities  of  producing  "cattle 
as  big  elephants",  "before  the  turn  of  the  century";  control  of  the  sex  of 
dairy  calves  and  an  "--increase  (of)  milk  production  by  more  than  10  percent 
without  increasing  feed  intake;  genetic  alteration  of  major  crops  "--to  resist 
pests  and  disease,  grow  in  salty  soil  and  harsh  climate,  and  provide  their  own 
fertilizer."  And  of  course  it  is  expected  that  "--computers  and  electronics 
will  be  used  to  increase  management  efficiency."  The  report  says  that: 

"These  are  only  a  few  of  about  150  emerging  technologies  in  the  28 

technological  areas  that  have  been  identitified  and  evaluated  for  this 
study--.  While  it  may  sound  like  science  fiction,  advances  in  biotechnology 
and  information  technologies  will  make  these  technologies  a  reality  in  the 
next  10  to  20  years. 

The  report  says  that  "--in  the  next  15  years  1.5  of  the  estimated  1.8 
percent  annual  growth  in  production  needed  to  balance  world  agricultural 
supply  and  demand  must  come  from  increases  in  agricultural  yiel ds-yi el ds  that 
will  be  possible  largely  through  the  development  and  adoption  of  emerging 

technologies." 

The  report  says  that:  "While  such  changes  may  improve  the  competitive 
position  of  American  agriculture,  they  have  the  potential  for  creating 
surpluses  and  major  structural  change  -  favoring,  for  example,  larger  more 
industrialized  farms." 

DECLINE  IN  U.S.  NEEDS  FOR  GOVERNMENT-SUPPORTED  AGRICULTURAL  RESEARCH 

I  have  stated  my  judgment  that  publicly-supported  agricultural  research 
in  the  United  States  has  produced  great  social  benefits  in  the  past.  However, 
the  success  of  the  system  has  reduced  the  needs  and  the  opportunities  for 
similar  contributions  in  the  future. 

The  decline  in  the  relative  importance  of  agriculture  in  the  overall 
economy  reduces  the  possibilities  for  major  benefits  from  further  increases  in 
agricultural  productivity  in  the  United  States.  The  value  added  by 

agriculture  to  GDP  amounts  to  only  3X  for  the  United  States  This  can  be 
contrasted  to  the  estimated  74%  of  GDP  produced  by  agriculture  in  Uganda. 
(World  Bank,  1983) 

Further  releases  of  labor  from  United  States  agriculture,  which  now 
employs  only  2%  of  the  labor  force  will  have  little  effect  on  the  economy. 
Again  this  is  in  great  contrast  to  the  condition  of  very  poor  countries,  where 
up  to  80%  of  the  labor  force  is  required  to  produce  an  inadequate  amount  of 
farm  products.  For  such  countries  the  release  of  labor  from  agriculture  as 
jobs  become  available  in  the  non-farm  sector  will  be  essential  for  rapid 
economic  growth. 

Clearly,  the  importance  of  increases  in  the  productivity  of  agriculture, 
which  permits  lower  costs  and  lower  prices  of  food  are  of  incomparably  greater 
significance  for  economic  growth  and  human  welfare  in  poor  countries  than  they 
are  in  the  United  States. 

The  high  productivity  of  United  States  agriculture  has  contributed  to  the 
present  (and  perhaps  chronic)  surplus  problems,  that  underlie  the  economic 
difficulties  of  many  farmers  and  the  related  costs  of  taxpayers. 
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The  needs  for  a  high  rate  of  increased  agricultural  output  are 
debatable.  It  clearly  will  not  be  needed  to  supply  the  domestic  market,  which 
will  grow  slowly,  because  of  a  slow  growth  of  population,  and  because  of  a  low 
rate  of  generation  of  additional  demand  by  further  increases  in  per  capita 
i n comes . 

As  Americans  have  grown  wealthier  the  cost  of  the  "food"  and  fibers  that 
the  farmer  produces,  i.e.,  the  value  of  agricultural  products  "at  the  farm 
gate"  (before  the  addition  of  the  costs  of  storing,  handling,  processing  and 
marketing)  has  shrunk  to  a  very  small  part  of  the  consumer's  budget.  The 
"farmers  share"  of  the  "consumers  food  dollar"  has  fallen  to  about  34%.  Food 
expenditures  make  up  only  about  21%  of  the  "Cost  of  Living  Index".  Thus  the 
cost  of  farm  products  amounts  to  only  about  7%  of  the  cost  of  living  index. 
Further  reductions  of  the  costs  of  farm  products  will  have  small,  and 
decreasing,  effects  on  the  real  levels  of  living  and  welfare  of  United  States 
consumers,  who  in  fact  have  been  the  main  beneficiaries  of  the  research- 
induced  productivity  of  United  States  agriculture.  This  is  in  stark  contrast 
to  the  situation  in  very  poor  countries,  where  hundreds  of  millions  of  people 
typically  spend  more  than  two-thirds  of  their  incomes  on  food.  (Mel  lor,  1966) 

A  high  rate  of  growth  of  United  States  farm  output  will  not  be  needed  for 
the  domestic  market,  and  the  prospects  for  exports  are  tenuous.  The  OTA 
report  refers  to  needs  for  increased  output  of  United  States  agricultural 
products  to  "balance  world  agricultural  supply  and  demand".  This  is  based  on 
a  set  of  assumptions,  behind  "projections"  of  United  States  agricultural 
exports.  Such  projections  are  a  very  uncertain  kind  of  exercise,  particularly 
when  the  United  States  is  viewed  as  a  residual  supplier. 

The  uncertainties  arise  especially  from  the  difficulties  in  foreseeing 
the  policies  of  major  importers  and  competitors  in  agricultural  trade.  The 
United  States  has  had  a  long,  and  sometimes  acrimonious  debate  with  the  EEC 
and  Japan,  over  subsidies  for  farm  exports  and  limitations  on  imports,  without 
satisfactory  resolution.  The  U.S.S.R.,  which,  by  its  trading  activities,  has 
a  great  influence  on  the  food  situation  in  the  rest  of  the  world,  had  a  series 
of  poor  weather  and  poor  harvests,  which  have  brought  it  into  the  world  grain 
market  as  a  major  importer,  but  it  cannot  be  considered  a  reliable  and 
expanding  market.  The  economic  difficulties  of  the  OPEC  countries  have 
lessened  their  interest  in  continuing  to  rapidly  increase  agricultural 
imports. 

Many  apparently  believe  that  the  food  imports  of  the  developing  countries 
will  grow  rapidly,  and  that  the  United  States  will  be  called  on  to  supply  the 
"balance".  The  actual  situation  will  of  course  depend  on  an  important  degree 
on  the  growth  of  output  in  the  developing  countries,  and  in  other  competing 
suppliers.  The  poor  countries  cannot  afford  to  pay  for  large  agricultural 
imports . 

If  the  productivity  of  agriculture  in  the  poor  countries  can  be 
accelerated,  there  should  be  less  "need",  or  demand  for  United  States 
agricultural  products.  However,  I  must  admit  that  this  is  not  certain.  The 
relation  between  the  growth  of  agricultural  productivity  in  the  poor  countries 
and  the  demands  for  United  States  agricultural  exports  is  debated  by 
economists.  (Mellor,  1984) 

Whatever  this  uncertain  relation,  it  does  not  affect  my  judgment  that  the 
social  needs  for  agricultural  research  are  far  greater  in  the  poor  countries 
than  they  are  in  the  United  States. 

Another  reason  for  the  relative  decline  in  the  social  needs  for  publicly- 
supported  agricultural  research  in  the  United  States  is  the  fact  that  private 
enterprise  now  does  the  larger,  and  growing,  share  of  total  research.  About 
two  thirds  of  R  and  D  expenditures  on  agricultural  technology  in  the  United 
States  are  made  by  private  enterprise.  (Teigen,  1985,  p.  70)  It  was 
estimated  in  1983  that  the  private  sector  spent  about  $3  billion  on 
agricultural  research.  About  half  is  spent  on  agricultural  production 
technology,  and  about  half  on  post-harvest  technology.  (Office  of  Technology 
Assessment,  1985  p.  69)  The  expansion  of  private  agricultural  biological 
research  will  probably  be  accelerated  by  the  Supreme  Court  decision  on  the 
patentability  of  biological  organisms.  It  seems  likely  that  at  some  point 
natural  limits  will  create  growing  obstacles  to  continuing  advances  in 
agricultural  productivity,  thus  limiting  the  benefits  from  further  research 
efforts.  This  issue  has  arisen  in  the  United  States  in  the  form  of  a 
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controversy  over  whether  we  are  approaching  a  "plateau",  or  at  least  a  much 
slower  rate  of  growth  of  yields  of  some  major  crops.  This  is  obviously  a 
difficult  issue  to  evaluate,  but  it  seems  that  agriculture  in  the  developed 
countries  must  have  approached  much  closer  to  the  natural  limits  than  have 
those  countries  where  agricultural  technology  is  still  at  a  relatively 
primitive  level.  One  recent  set  of  projections  assumes  that  in  North  America 
the  rate  of  increase  in  yields  of  grains  and  oilseeds  will  decline  rapidly  in 
the  1980--2000  period,  as  compared  to  1970-80.  (Joint  Council  on  Food  and 
Agricultural  Sciences,  1984,  pp.  28-29) 

Rather  than  continuing  to  try  to  expand  United  States  agricultural  output 
as  rapidly  as  possible  we  should  shift  a  substantial  part  of  the  United  States 
publicly-supported  agricultural  research  resources  to  increasing  the 
productivity  of  agriculture  in  the  developing  countries,  particularly 
Africa.  This  would  be  shift  in  degree,  and  not  necessarily  in  the  kinds  of 
programs  we  already  supporting  that  are  working  on  those  areas. 

This  shift  would  be  warranted,  not  only  by  probable  future  declines  in 
the  social  returns  to  research  for  United  States  agriculture,  but  also  by  the 
great  needs  for  assistance  in  agricultural  science,  and  by  the  potential  for 
increased  agricultural  productivity  in  Africa. 

Acceptance  of  the  proposal  also  requires  a  judgment  that  it  would  be  in 
accord  with  the  wishes  of  the  United  States  public,  which  supports  the  public 
research  system. 


FOOD  PROBLEMS  OF  SUB-SAHARAN  AFRICA 

The  attention  and  resources  of  the  international  aid  agencies  are 
increasingly  being  focused  on  food  problems  in  sub-Saharan  Africa.  Among 
other  serious  economic  problems,  the  region  has  failed  to  increase  food 
production  fast  enough  to  keep  up  with  its  rapid  population  growth.  This 
contrasts  with  other  developing  regions,  that  have  generally  had  unusual 
agricultural  success  in  recent  years. 

Africa  has  severe  problems  of  food  "security"  as  well  as  low  agricultural 
productivity.  By  effective  management  of  grain  reserves,  food  aid, 
international  trade,  communication  and  transportation  every  country  should 
ensure  stable  or  "secure"  supplies  of  basic  foods  to  carry  over  times  of 
temporary  shortfalls. 

The  problems  of  food  security  had  a  high  place  on  the  agenda  at  the  World 
Food  Conference  in  Rome  in  1974.  Since  then  there  have  been  many  studies, 
conferences,  and  international  negotiations  concerning  food  security. 
Unfortunately,  it  is  not  clear  that  the  food  supply  of  most  peoples  is  much 
more  "secure"  now  than  it  was  at  the  time  of  the  1972-74  food  crisis  when 
prices  of  basic  foods  rose  rapidly.  Food  supplies  have  not  been  secure  for 
the  famine  victims. 

In  1981,  the  World  Bank  prepared  a  special  study  of  the  region's 
development  problems,  and  in  it  and  other  papers  has  described  a  strategy  for 
solutions.  (The  World  Bank,  1981)  The  strategy  emphasizes  agricultural 
policies  and  projects,  especially  overcoming  the  lack  of  incentives  for 
agricultural  producers  and  the  limitations  of  marketing  systems. 

Nutritional  inadequacies  are  found  mainly  in  the  Sahel,  Central  and  East 
Africa.  Much  of  Africa's  food  problem  stems  from  low  productivity  in 
agriculture,  where  a  large  share  of  the  food  grown  in  the  subsistence  sector 
without  the  benefits  of  modern  inputs.  Increased  production  has  depended 
primarily  on  the  expansion  of  area  in  crops,  but  labor  requirements  limit  the 
possibilities  of  rapid  expansion  of  the  cultivated  area.  (BIFAD, 1985,  p.  19) 

Although  there  is  great  need  for  increased  productivity,  the  structure  of 
demand  for  food  has  also  created  serious  problems.  The  demand  for  wheat  and 
rice  is  high  in  urban  areas,  but  wheat  cannot  be  produced  in  many  countries, 
and  the  cost  of  production  of  rice  is  often  higher  than  costs  of  substitute 
foods.  The  latter  crops,  such  as  millet,  sorghum,  maize,  pulses,  roots  and 
tubers  tend  to  be  less  preferred  as  urbanization  and  rising  incomes  permit 
consumers  to  change  their  desired  consumption  patterns. 

The  region  already  receives  a  relatively  large  amount  of  foreign  aid,  on 
a  per-capita  basis,  and  there  seems  to  be  a  consensus  that  additional  aid 
should  be  accompanied  by  pressure  on  receiving  countries  for  modification  of 
policies  toward  giving  more  support  for  agriculture. 
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Carl  Eicher,  who  has  worked  for  many  years  on  Africa's  agricultural 
development,  says  that:  "Africa  is  smothered  with  project  aid  and  plagued  by 
the  generosity  of  donors  who  are  paying  for  some  recurrent  costs,  while  at  the 
same  time  pressing  for  policy  dialogue  to  reduce  the  role  of  the  state  that 
has  been  expanded  with  project  aid.  --Professional  agriculturalists  in  many 
donor  agencies  privately  admit  that  more  project  aid  cannot  be  absorbed  "with 
integrity"  in  crop  and  livestock  projects  in  most  African  states.  The  reasons 
for  the  absorptive  capacity  problems  are  directly  linked  to  Africa's  stage  of 
economic  history  where  the  scarce  factors  are  political  maturity  and 
scientific  and  managerial  capacity."  (Eicher,  1985,  p.  11) 

Most  authorities  agree  that  Africa  has  great  potential  for  agricultural 
production.  The  reasons  for  little  progress  in  sub-Saharan  agriculture  have 
been  much  discussed  lately,  but  there  is  general  agreement  that  to  a 
considerable  extent  it  is  caused  by  a  failure  to  develop  a  set  of  new, 
productive  technologies  to  introduce  into  the  production  process. 

Eicher  is  concerned  about,  "--the  time  that  it  takes  to  develop  stable 
political  structures,  a  competent  civil  service  of  high  integrity,  an 
indigenous  scientific  capacity,  locally  financed  agricultural  research 
services,  profitable  technology  for  rain-fed  farming,  and  local  M.Sc.  and 
Ph.D.  training  programs  to  reduce  the  dependency  on  technical  assistance. 
— This  time  span  and  the  need  for  continuity  of  investigation  are  ill-served 
by  project  aid."  He  says  that,  " — donors  provide  long  term  core  funding  to 
the  International  Agricultural  Research  Centers  in  Af rica--whi le  they  offer 
only  short  term,  often  erratic,  project  aid  to  develop  indigenous  scientific 
capacity  in  Africa's  agricultural  research  services  and  faculties  of 
agriculture.  (U.  S.  General  Accounting  Office,  1976,  p.  11) 

THE  INTERNATIONAL  AGRICULTURAL  RESEARCH  CENTERS  (lARCs) 

Until  the  development  of  the  highly  productive  varieties  of  wheat,  rice 
and  maize  that  underlay  the  "green  revolution"  in  Asia  and  Mexico,  there  was 
little  research  on  food  crops  in  the  developing  countries.  The  International 
Rice  Research  Institute  (IRRI)  was  established  in  the  Philippines  in  1960. 
The  Centre  International  de  Majoramiento  de  Mais  y  Trigo  (CIMMYT)  was 
established  in  Mexico  in  1966. 

The  Consultative  Group  on  International  Research  (CIGAR),  an  association 
of  countries,  multilateral  organizations,  and  foundations,  was  established  in 
1971  to  help  support  research  and  training  programs  on  food  crops  and 
livestock  in  the  LDCs.  Thirteen  international  centers  are  now  funded  through 
CIGAR,  which  also  helps  countries  strengthen  their  own  research  systems. 
Funding  for  the  international  centers  increased  by  six  times  between  1972  and 
1980,  reaching  $150  million. 

The  CIGAR  system  has  had  major  impacts  on  agriculture  in  some  areas,  but 
relatively  little  in  sub-Saharan  Africa.  The  high  yielding  varieties  of  grain 
that  underlay  the  "Green  Revolution"  were  used  almost  entirely  in  Asia  and 
Latin  America  with  little  impact  on  Africa.  (Dalrymple,  1985) 

Although  spending  on  research  in  developing  countries  has  risen  greatly 
in  the  last  decade,  it  still  is  far  too  little,  in  relation  to  the  needs, 
particularly  in  Africa. 

THE  U.S.  ROLES  IN  HELPING  TO  IMPROVE  AGRICULTURAL  TECHNOLOGY  IN  AFRICA 

The  United  States  Department  of  Agriculture  has  made  limited  direct 
contributions  to  the  improvement  of  agricultural  technology  in  the  developing 
countries.  USDA  has  had  very  little  funds  for  international  research,  because 
of  policies  limiting  the  use  of  USDA  money  to  research  bearing  directly  on 
United  States  agriculture. 

In  1978  the  United  States  Congress  passed  Title  XII  (Famine  Prevention 
and  Freedom  from  Hunger  of  the  Foreign  Assistance  Act  of  1961,  as  amended). 
The  Title  XII  amendment  requires  AID  to  make  more  use  of  the  resources 
available  in  United  States  agricultural  universities.  Title  XII  activities 
include  research  and  technical  assistance  for  food  and  nutrition;  support  for 
the  international  agricultural  research  centers;  institution-building  in 
developing  countries  for  agricultural  research,  education,  extension  and 
policy;  and  mobilization  of  United  States  institutions  to  participate  in 
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development  assistance  activities.  A  Board  for  International  Food  and 
Agricultural  Development  (BIFAD)  was  set  up  to  work  with  AID  in  implementing 
Title  XII. 

It  is  difficult  to  obtain  good  estimates  of  the  United  States  official 
contributions  for  scientific  research,  and  the  building  of  the  capacity  for 
research  on  African  agriculture,  nearly  all  of  which  is  funneled  through 
USAID.  Apparently  the  AID  budget  categories  are  not  generally  broken  down 
that  way.  A  major  part  of  the  funds  go  for  support  of  the  International 
Agricultural  Research  Institutes  (lARCs). 

An  AID  report  in  1979  put  the  United  States  share  of  the  support  for  the 
International  Agricultural  Research  Centers  at  $29.6  million  in  1980.  It 
estimates  1980  total  AID  "Title  XII  Activities"  (which  includes  the  above,  as 
well  as  research-related  capital  costs)  at  $400  million,  or  56%  of  AID's 
"Total  Food  and  Nutrition"  budget. 

Estimates  of  some  relevant  categories  of  the  AID  budget  for  agricultural 
research  for  Africa  in  1984,  adding  to  a  total  of  about  $95  million  are: 

AID 

Agricultural  Research 

AID  Annual  Funding  Levels  for  Agricultural  Research  in  Africa,  FY  1984 

(Obligations  $000) 

Regional  Bilateral  lARCs  Cent-Fund  CRSPS  Total  Ann 
Totals  22400  51000  14000  2000  5300  95100 

Source:  Adapted  from  (Wang,  1985) 

In  December  1984  BIFAD  convened  "A  Forum  on  Agricultural  Research 
Strategy  for  Africa".  (BIFAD,  1984)  In  addition  to  officials  of  BIFAD  and 
USAID,  several  outside  authorities  participated. 

The  conferees  found  it  difficult  to  reach  a  consensus  on  many  issues. 
One  participant  said  that  a  consensus  does  not  exist  on  agricultural 
development  policy  for  Africa,  in  part  because  of  major  differences  over 
priorities  for  scientific  research  versus  construction  of  physical 

infrastructure.  He  added  that  in  sub-Saharan  Africa  the  political  processes 
generally  have  not  chosen  the  areas  and  commodities  that  should  receive 
attention.  He  contrasted  this  to  the  situation  in  Asia  in  the  1960's  where 
-hard  choices  were  made  to  concentrate  on  the  higher  potential  areas--(Thi s) 
process  has  not  been  as  evident  in  Sub-Saharan  Africa." 

Another  participant  made  a  similar  point,  contrasting  the  lack  of 
consensus  about  agricultural  development  in  Africa  with  the  situation  two 
decades  earlier  in  Asia:  "--in  Asia  in  the  1960* s,  there  seems  to  have  been  a 
greater  consensus  on  the  type  of  support  institutions  and  manpower  development 
required  to  get  agriculture  moving--the  kinds  of  roads,  the  kinds  of 
universities,  the  kinds  of  research  systems." 

The  conferees  apparently  did  agree  that  aid  donors  should  concentrate 
more  resources  on  long-term  programs  for  Africa.  One  of  the  main  long-term 
programs  emphasized  was  that  of  "institution-building". 

In  discussing  United  States  roles  in  promoting  improvements  in 
agricultural  technology  to  help  solve  Africa's  food  and  agricultural  problems, 
one  participant  said  that  the  "--role  of  United  States  technical  assistance 
should  be  institution  building,  not  implementation  of  service  tasks. --(We) 
need  to  build  the  capacity  to  prioritize  and  to  make  hard  choices  rather  than 
do  those  jobs  ourselves." 

It  was  admitted  that  a  considerable  number  of  countries  are  too  small  to 
expect  to  be  able  to  support  large,  elaborate  agricultural  research  systems. 
The  AID  representatives  said  that,  "--with  33  countries,  we  really  do  not  know 
what  to  do  about  some  of  the  small  countries." 

USAID  representatives  admitted  that  "We  are  a  long  way  from  having  a 
totally  clear  understanding  of  where  we  are  going  to  go  in  research  (for 
Africa),  ---  (We  are)  particularly  concerned  about  the  problem  of  how  we 
coordinate  with  other  major  donors  and  with  the  Africans."  They  are 
attempting  to  work  through  the  Cooperation  for  Development  in  Africa  (CDA), 
which  is  comprised  of  seven  donors. 

The  conference  pointed  out  that  the  United  States  role  has  been  more 


218 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


limited  than  it  had  been  earlier  in  Asia.  One  participant,  referring  to  the 
changes  in  the  multilateral-bilateral  organization  of  aid,  said  that,  "---one 
of  the  reasons  we  are  not  doing  it  like  we  did  in  Asia  is  that  the  United 
States  is  just  one  of  the  Seven  Dwarfs  over  there  now.  The  World  Bank  is  Snow 
White." 

The  USAID  representatives  agreed  on  the  importance  of  support  of 
agricultural  research  at  the  national  level  and  the  building  of  national 
research  institutions,  as  a  base  for  a  long-term  strategy,  AID  now  has  about 
25  projects  to  assist  in  strengtheni ng .  such  institutions.  Also  the  BIFAD 
projects  involve  United  States  universities  working  with  the  universities  and 
the  national  research  systems  in  the  aid-receiving  countries. 

One  participant  said  that  he  was  pleased  that  "---AID  is  now  beginning  to 
take  a  long  view.  But  I  have  a  feeling,  at  least  as  far  as  Africa  is 
concerned,  that  the  Agency  is  taking  the  long  view  but  has  short  resources." 

It  was  pointed  out  that  there  had  been  some  relatively  small  success 
stories  in  African  agriculture,  such  as  smallholder  tea  in  Kenya,  cocoa  in 
Ivory  Coast,  and  cotton  in  Mali,  and  maize  on  large  farms  in  Zimbabwe. 
However,  one  of  the  participants  said  that  "breakthroughs"  involving  more  than 
small,  marginal  changes  in  productivity  were  needed  to  dramatize  the 
possibilities  of  technology  for  African  agricultural  development.  He  said 
that,  "What  really  turned  things  around  in  Asia  was  the  drama  of  the  green 
revolution.  — the  public  and  politicians  get  a  sense  of  the  drama  that  can 
come  out  of  the  agricultural  sector." 


RECOMMENDATIONS 

The  United  States  has  the  technical  resources  to  greatly  expand  its 
present  limited  assistance  for  agricultural  scientific  research  for  Africa. 
We  could  provide  technical  skills  to  assist  in  the  various  research  national 
and  international  organizations  that  are  already  working  on  the  problems.  We 
could  take  on  major  responsibilities  for  institution-building,  along  the  same 
lines  that  we  provided  major  assistance  of  this  nature  in  Asia  two  decades 
ago. 

The  United  States  could  also  expand  its  contributions  of  technical 
assistance  through  the  assignment  of  more  scientific  personnel  to  present 
institutions  working  on  Africa's  agricultural  problems. 

The  United  States  could  also  take  on  greatly  expanded  basic  research  on 
problems  chosen  specifically  because  of  their  potential  for  contributions  to 
African  agricultural  productivity. 

At  this  time  proposals  for  substantial  expansion  of  Federal  non-defense 
programs  are  not  popular.  A  proposal  to  refocus  existing  resources  should  be 
more  acceptable.  I  propose  that  the  United  States,  as  a  matter  of  national 
policy  refocus  a  substantial  share  of  the  resources  now  aimed  at  increasing 
the  productivity  of  United  States  agriculture.  These  resources  should  be 

shifted  from  their  present  directions  to  the  goal  of  assisting  to  increase  the 
productivity  of  agriculture  in  sub-Saharan  agriculture.  Using  Federal  funds 
now  allocated  to  work  on  United  States  agricultural  problems  USDA  and  Land 

Grant  University  personnel  could  be  shifted  towards  a  greater  emphasis  on 

Africa's  problems. 

The  United  States  scientific  community  outside  the  USDA-Land  Grant  system 
should  be  brought  into  this  national  program  by  a  major  expansion  of  the 
competitive  grants  program. 

Underlying  this  proposal  is  a  conviction  that  science,  conceived  of  as 
both  basic  knowledge,  and  as  institutions  and  methods  for  discovering  and 
developing  basic  knowledge,  is  readily  transferable  to  different  cultures, 

climates,  and  agricultural  systems.  This  in  no  way  implies  that  we  would  pick 
up  our  agricultural  systems,  or  even  our  agricultural  research  system,  and 
without  thought  attempt  to  emplace  them  in  a  foreign  context.  This  would 
result  in  massive  unemployment  and  social  upheaval.  But  the  underlying 
knowledge  of  scientific  principles,  and  approaches  to  organization  do  have  a 
general  relevance  to  a  very  wide  range  of  economic,  climatic  and  social 
conditions. 
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PAST  RECOMMENDATIONS 

It  is  not  at  all  a  new  idea  that  the  United  States  should  devote  a 
substantial  share  of  its  expertise  in  the  agricultural  sciences  to  improving 
the  productivity  in  the  poor  countries.  This  has  been  recommended  by  a  number 
of  studies.  However,  the  recommendations  have  had  only  half-hearted 
acceptance  and  have  not  been  vigorously  implemented. 

In  February  1966,  in  a  message  on  Food  for  Freedom,  President  Johnson 
directed  his  Science  Advisory  Committee  to  search  out  new  ways  to  improve  the 
quality  of  food  and  to  "apply  all  of  the  resources  of  technology  to  increasing 
food  production."  This  assignment  resulted  in  nearly  a  year  of  study.  It 
involved  cooperation  by  many  organizations  and  individuals,  including  more 
than  one  hundred  individuals  from  Federal  Agencies,  universities,  private 
foundations  and  industries  who  served  on  panels  that  prepared  various  sections 
of  a  report  published  in  May  1967.  (President's  Science  Advisory  Committee, 
1967)  In  a  preface,  President  Johnson  said:  "In  all  of  recorded  history, 
none  have  surpassed  the  American  people  in  willingness  to  share  their 
abundance  with  others."  The  preface  concluded  that:  "The  World  Food  Problem 
is  one  of  the  foremost  challenges  of  mankind  today." 

The  report  said  that  "The  steadily  diminishing  role  that  true  technical 
assistance  has  played  in  the  foreign  aid  program  of  the  United  States  is  a 
trend  which  must  be  reversed  if  the  program  is  to  be  expected  to  contribute 
significantly  to  the  long-term  amelioration  of  the  increasingly  serious  food 
shortages  in  the  developing  countries."  It  also  said  that  "During  the  past  25 
years,  the  United  States  and  other  developed  countries  have  contributed 
scientific  personnel  and  financial  support  to  a  variety  of  programs  in  an 
attempt  to  help  improve  food  production  in  the  developing  nations.  In 
general,  however,  these  technological  and  scientific  inputs  have  been  quite 
inadequate."  Unfortunately,  this  situation  has  not  yet  been  corrected,  as 
later  events  and  studies  have  emphasized. 

In  May  1976  the  Agricultural  Research  Policy  Advisory  Committee  (ARPAC) 
representing  the  USDA,  the  State  Experiment  Stations  and  the  Land  Grant 
Universities,  recommended  "Considerable  expansion  of  research  —  to  provide 
technology  and  scientific  information  for  food  production  in  developing 
countries.  There  is  little  research  specifically  directed  towards  solving  the 
food  and  food-related  problems  in  developing  countries.  Information  from 
research  on  similar  problems  in  the  United  States  may  have  applicability  to 
other  areas  to  specific  that  require  a  further  testing  to  determine  the 
adaptability  to  specific  conditions  at  each  location.  Increases  are 
recommended  on  the  production  of  food  legumes,  adapting  technology  and  systems 
of  farming  for  farmers  with  limited  resources  and  on  management  of  soil  and 
water  and  fertilizer  use  in  tropics  and  sub-tropics." 

In  1977,  the  National  Academy  of  Sciences  published  a  study  (National 
Academy  of  Sciences,  1977)  recommending  additional  Federal  funds  for  22  food 
and  nutrition  research  areas.  The  study  has  been  requested  by  the  President 
of  the  United  States,  and  "in  keeping  with  the  President's  request,  the 
selection  of  research  areas  was  based  on  the  prospective  effects  on  world 
hunger  over  the  next  few  decades." 

The  Academy's  work  was  thorough.  It  enlisted  the  assistance  of  14 
special  study  teams,  which  included  a  very  large  share  of  the  eminent  United 
States  authorities  on  the  subjects,  and  included  insights  and  recommendations 
from  more  than  a  thousand  other  knowledgeable  individuals  in  the  United  States 
and  round  the  world.  It  was  indeed  a  massive  effort,  resulting  not  only  in 
the  basic  report  but  also  in  five  additional  volumes  containing  the  detailed 
reports  of  the  study  teams.  The  study  concluded  that  the  "the  world  food 
system  is  not  working  adequately  for  either  poor  or  rich  countries"  (page  1), 
and  that  !Jnited  States  research  for  science  and  technology,  and  social  and 
economic  policy  could  make  very  significant  contributions  to  solutions  of  the 
problems  (page  14).  The  study  made  detailed  recommendations  for  United  States 
actions  by  the  Federal -State  system  of  agricultural  research,  AID,  NIH,  NSF, 
other  government  agencies,  privately  supported  research,  and  the  Executive 
Office  of  the  President. 

The  report  says:  "Our  priorities  give  special  weight  to  research  for 
which  large  parts  of  the  United  States  financed  work  can  be  done  in  the  United 
States.  Such  research  can  produce  major  benefits,  both  here  and  in  the 
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developing  countries.  Such  research  is  comprised  of  the  more  basic  types  of 
research,  comparative  analyses  of  world-wide  experience,  and  methodological 
studies.  Such  an  orientation  increases  the  scope  of  strong  and  enduring 
United  States  research  support  on  problems  that  are  important  for  developing 
countries.  Nevertheless,  our  organizational  recommendations  stress  expanding 
United  States  support  of  building  research  capabilities  in  developing 
countries,  including  the  provision  of  research  funds  that  each  country  can 
apply  to  its  own  priorities." 

The  Presidential  Commission  on  World  Hunger,  appointed  by  President 
Carter,  reported  in  March,  1980,  and  referred  to  the  above  study:  "In  1977, 
the  National  Academy  of  Sciences  completed  a  six-volume  report  which  analyzed 
the  ways  in  which  United  States  research  capabilities  could  better  be  applied 
to  the  problem  of  world  hunger.  Taking  this  report  as  its  own  point  of 
departure,  the  Commission  has  tried  to  determine  the  extent  to  which  the 
National  Academy's  recommendations  are  being  implemented.  The  Commission's 
assessment  is  anything  but  heartening.  While  some  of  the  recommended 
interagency  organizational  changes  have  been  made,  the  Commission's  principal 
conclusion  is  that,  overall,  very  little  progress  has  been  made  thus  far  in 
redirecting  United  States  research  capabilities  toward  the  food  and 
nutri tionprobl ems  facing  the  developing  countries."  (Presidential  Commission 
on  World  Hunger,  1980,  p.  123) 

BIFAD  said  in  1979  that,  "The  top  management  level  of  AID  has  been  very 
supportive  of  the  Title  XII  program  .  .  ."  Later,  however,  BIFAD  added: 
"Given  the  critical  need  for  significant  technical  breakthrough  in  agriculture 
in  the  LDC's  the  Board  is  convinced  that  the  United  States  could  have  an 
enormously  significant  impact  on  food  production  and  development  abroad  by 
increasing  its  agricultural  research  investment  either  through  additional 
funding  or  through  reallocation  of  funds  from  other  activities."  (Agency  for 
International  Development,  1979) 

THE  "RIGHT  TO  FOOD" 

Foreign  assistance  is  not  politically  popular  in  the  United  States,  but 
there  is  no  doubt  that  the  people  of  the  United  States  are  supportive  of  true 
and  effective  humanitarian  efforts  to  alleviate  starvation  and  hunger 
overseas.  Various  opinion  surveys,  the  private  charitable  response,  and  the 
support  for  the  official  government  response  to  the  famine  in  Ethiopia  make 
this  clear. 

A  decade  ago  both  houses  of  the  United  States  passed  resolutions  that 
said  that:  "Every  person  in  this  country  and  throughout  the  world  has  the 
right  to  food  --  the  right  to  a  nutritionally  adequate  diet  --  and  that  this 
right  is  henceforth  to  be  recognized  as  a  cornerstone  of  United  States  policy; 
and  this  policy  should  become  a  fundamental  point  of  reference  in  the 
formation  of  legislation  and  administrative  decisions  in  areas  such  as  trade, 
assistance,  monetary  reform,  military  spending,  and  all  other  matters  that 
bear  on  hunger." 

Beyond  the  impressive  references  to  a  "cornerstone"  and  "fundamental 
point  of  reference"  of  United  States  policy.  Congress  did  not  spell  out  the 
obligations  imposed  on  us  to  ensure  the  "right  to  food".  Much  remains  to  be 
done  to  achieve  the  goal,  as  has  been  demonstrated  dramatically  by  the  African 
famines.  This  tragedy  has  been  brought  to  the  attention  of  the  American 
public  by  the  popular  media.  However,  the  media  have  given  relatively  little 
attention  to  the  problems  beyond  emergency  needs  for  feeding  the  hungry. 
Alleviation  of  the  emergency  needs  should  have  high  priority  in  each  country, 
and  in  our  foreign  aid  programs,  but  we  must  also  look  for  solution  of  the 
underlying,  longer-run  problems  so  that  we  will  not  have  such  tragedies  from 
time  to  time. 

Even  if  there  is  wide  acceptance  of  the  basic  arguments,  a  proposal  such 
as  that  in  this  paper  will  not  be  implemented  unless  there  is  complete 
acceptance,  and  continued  vigorous  support,  at  very  high  national  levels.  The 
reason  is  that  the  United  States  public  research  establishment  has  close 
connections  to  strong  demands  at  state  and  local  levels,  which,  both  by 
inertia  and  by  active  resistance,  will  not  support  diversion  of  the  resources 
fro(n  what  is  seen  as  state  and  local  interests. 

In  the  past  there  has  been  political  resistance  to  any  program  which 
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threatened  to  harm  United  States  farmers  by  increasing  competition  from 
farmers  overseas.  While  there  may  be  some  direct  effect  from  such  competition 
it  is  likely  to  be  less  than  feared.  The  benefits  for  overall  economic  growth 
of  a  healthy  agriculture  in  the  developing  countries  are  likely  to  go  a  long 
way  towards  offsetting  the  negative  effects  on  the  demand  for  United  States 
agriculture  exports.  (BIFAD,  1985)  There  may  well  be  some  adjustments 
required  in  United  States  agriculture  if  certain  products  become  much  more 
competitive  overseas,  but  these  adjustments  are  likely  to  be  relatively  minor 
and  not  of  great  significance  for  United  States  agriculture  overall.  In  any 
case,  it  is  clear  that  there  are  economic  benefits  to  the  United  States  from 
economic  growth  of  our  trading  partners.  Finally,  United  States  public 
agricultural  research  resources  do  not  in  any  sense  belong  to  a  particular 
group  of  United  States  farmers.  They  are  paid  for  by  United  States  taxpayers 
and,  to  the  extent  that  the  use  of  such  resources  in  alleviating  hunger 
overseas  is  consistent  with  the  values  and  goals  of  United  States  taxpayers 
and  the  public  in  general,  then  the  interests  of  a  particular  small  group  of 
farmers  should  not  prevail. 
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ABSTRACT 

To  enquire  into  the  nature  of  technology  necessitates  a  suspension 
of  our  preconceived  notions  of  what  technology  is.  The  purpose  of 
this  paper  is  thus  to  question  as  many  of  these  notions  as 
possible,  above  all  the  notion  that  technology  arises  out  of  free 
human  invention  and  that  in  it  and  through  it  the  realization  of 
human  freedom  may  be  facilitated.  A  sober  look  at  technology 
suggests  that  attempts  to  control  it  have  only  made  it  grow  more 
wildly  out  of  control.  The  goals  of  cybernetics  to  let  science 
itself  gain  control  of  technology  and  move  it  towards  a  human  use 
of  human  beings  are  almost  certainly  illusory.  There  is  nothing 
to  assure  that  a  cybernetical ly  governed  system  will  display  an 
essential  difference  to  the  political  totalitarianisms  that  emerge 
on  the  foundation  of  the  technological  concentration  of  power. 
Freedom,  if  it  is  to  maintained,  demands  a  radical  transformation 
of  our  basic  relationship  to  technology. 

The  title  of  my  paper,  despite  its  harmless  though  rather  inflated 
appearance,  embraces  an  enormous  tension  that  I  do  not  pretend  to  master.  For 
nature  and  technology  are  clearly,  if  not  absolutely,  apposed.  Indeed  we  find 
already  by  Aristotle  an  attempt  to  define  nature  (Physis) ,  the  realm  of  being 
which  arises  out  of  itself,  by  disclosing  its  opposition  to  Techne,  the  realm 
of  manufactured  things  which  have  their  principle  of  genesis  not  in  themselves 
but  in  an  other.  Nature  for  Aristotle  is  with  regard  to  its  self-sufficiency 
fundamentally  alive.  Technical  products  on  the  other  hand,  insofar  as  they 
owe  their  existence  to  something  outside  of  themselves,  are  fundamentally 
dead.  A  tree  produces  another  tree.  A  bed  does  not  produce  another  bed.  (1) 

One  might  of  course  want  to  assert  the  irrelevance  of  Aristotle's 

distinction  in  our  own  time.  The  cybernetic  revolution  presents  the 
possibility  of  machines  being  made  that  are  capable  of  sel f-regul ation  and 
self-reproduction.  These  machines  can  in  turn  be  used  as  models  to  disclose 
the  functioning  of  living  organisms.  Genetics,  for  instance,  provides  a 

technical  and  quasi -mechanical  model  for  interpreting  the  genesis  and  growth 
of  living  organisms.  This  identification  of  nature  with  a  technical  product 

had  its  beginnings  in  the  Christian  doctrine  of  a  creation  ^  nihilo.  In 

modern  science  however  man  assumes  the  ability  to  peer  into  God's 
blueprints.  Aristotle's  distinction  appears  to  be  overcome. 

And  yet  the  mechanical  rendition  particularly  of  organic  nature  heightens 
rather  than  alleviates  the  opposition  between  nature  and  technology,  for 
nowhere  is  this  opposition  more  manifest  than  in  technology's  quest  to 
overcome  nature.  The  conquest  of  nature  would  be  complete  only  where  the 
natural  is  fully  dissolved  into  transparent  and  cognizable  structures,  that 
is,  where  model s  of  nature  are  discovered  that  make  possible  its  technical 
reproduction.  We  know  that  which  we  ourselves  can  produce.  To  know  nature  is 
to  be  able  to  produce  it.  The  final  goal  of  technology  is  the  complete 
and  utter  conquest  of  nature,  the  reduction  of  nature  to  the  status  of  an 
instrument  at  man's  disposal.  And  yet  precisely  the  fervor  with  which  this 
conquest  is  sought  reveals  that  nature  resists  such  destruction. 

Our  title,  "The  Nature  of  Technology",  thus  bridges  a  major  opposition. 
It  also  contains  other  difficulties.  For  if  technology  refers  to  an 
instrument  of  human  invention  that  can  be  refined  and  transformed  to  meet  the 


224 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


changing  perceptions  of  what  human  beings  want  and  need,  then  how  could  one 
possibly  determine  its  nature?  Technology  on  this  account  does  not  have  a 
predetermined  nature.  It  is  whatever  human  beings  decide  to  make  it.  While 
it  is  indeed  an  instrument,  it  is  an  instrument  that  undergoes  such  profound 
transformations  that  one  could  never  isolate  its  essence  -  beyond  merely 
asserting  that  it  is  an  instrument. 

But  this  difficulty  too  is  ultimately  rooted  in  the  opposition  between 
technology  and  nature.  The  ability  to  demarcate  the  nature  of  things  is  given 
only  where  a  natural  order  prevails  in  which  genera  and  species  (though  not 
individuals)  eternally  recur.  The  technological  is  seen  however  to  emerge 
only  where  the  free  spirit  of  man  has  broken  the  bonds  of  such  necessity. 
Through  technology  man  wins  an  autonomy  that  allows  him  to  construct  his  own 
world  and  thus  to  escape  the  rigid  limits  of  the  natural. 

But  even  if  we  were  to  concede  the  point  and  resist  the  temptation  to 
reduce  the  complex  and  ever-changing  world  of  technology  to  a  given  form  or 
essence,  could  not  we  still  question  the  nature  of  technology? 

What  does  our  title  mean?  -  What  is  the  nature  of  technology? 

To  answer  this  question,  we  shall  have  first  of  all  to  consider  the 
meaning  of  the  word  nature.  While  I  could  propose  or  allude  to  a  commonly 
accepted  definition  of  the  term,  I  would  prefer  to  begin  a  bit  deeper.  I 
would  like  to  consider  what  the  word  itself  originally  had  to  say. 

By  proposing  such  an  etymological  account,  by  resisting  the  temptation  to 
construct  a  definition  of  the  word,  I  may  arguably  be  displaying  a  deeply 
rooted  prejudice,  a  preference  for  that  which  arises  from  impenetrable  sources 
to  that  which  we  ourselves  posit  and  construct.  I  may  indeed  be  giving  myself 
away  as  a  Rousseauian  of  sorts,  crying  "back  to  nature"  -  or  in  this  case  back 
to  the  natural  roots  of  language  -  out  of  the  irrational  fear  of  the 
artificial  and  man-made.  I  may,  that  is,  already  at  the  outset  be  giving 
myself  away  as  an  enemy  of  technology. 

Such,  however,  is  not  my  intent.  I  want  instead  simply  to  understand  a 
word.  If  I  fear  something  it  is  that  lack  of  understanding  that  arises  when 
we  isolate  ourselves  in  our  own  constructions.  Insofar  as  we  are  the  authors 
of  these  constructions  we  might  be  said  to  understand  them  above  all  else. 
This  has  been  an  orthodox  opinion  for  some  three  centuries  now.  But  to  affirm 
this  is  to  fail  to  see  that  understanding  is  necessarily  the  understanding  of 
an  other.  The  limitation  of  understanding  to  the  realm  of  the  self- 
constructed  is  the  act  of  the  solipsist.  The  solipsist's  lack  of  respect  for 
an  other  is  the  beginning  of  nihilism,  destruction  and  -  in  moral  terms  - 
evi  1 . 

It  is  then  with  this  awareness  that  I  seek  the  origin  of  the  word 
nature.  The  search  for  the  origin  takes  us  behind  the  technological 
understanding  of  nature  as  a  supply  of  energy  and  material  that  can  be 
manipulated  for  human  purposes,  it  takes  us  behind  the  scientific 
understanding  of  nature  as  a  set  of  objects  that  can  be  theoretically  grasped, 
a  series  of  forces  that  extend  themselves  over  a  geometrical  grid  of  space- 
time  coordinates,  it  takes  us  behind  even  the  primitive  conception  of  nature 
as  a  nurturing  mother  whose  fruits  sustain  life  and  whose  moodiness  forces  us 
constantly  to  seek  and  maintain  her  good  favor.  The  origin  of  our  word  nature 
lies  in  the  Latin  natura ,  which  means  birth;  this  parallels  the  meaning  of  the 
Greek  word  Physi s  from  which  our  word  physics  derives.  Physics  is  the 
substantive  of  phyein  which  means  to  give  birth  to.  The  original  sense  of  the 
word  nature  is  thus  the  origin  itself,  (2)  an  origin  that,  primordially 
regarded  -  as  for  instance  in  Hesiod's  archaic  Greek  poem,  the  Theogony-, 
precedes  even  the  birth  of  the  gods  as  the  source  from  which  they  themselves 
sprang  into  being.  Nature,  in  the  sense  of  the  beginning  does  not  exclude  the 
end.  Aristotle  for  instance  regards  precisely  the  end  or  goal  of  a  thing  as 
its  true  nature  -  it  is  the  most  perfect  form  of  a  thing  which  awakens  all 
growth  and  development.  (3)  There  is  no  beginning  without  a  relationship  to 
an  end.  Nature  is  ultimately  developmental  precisely  insofar  as  it 
incorporates  within  itself  the  enormous  tension  between  beginning  and  end.  (4) 

By  enquiring  into  the  nature  of  technology  we  therefore  do  not  enquire 
into  a  static  essence  that  never  changes  and  thus  defines  the  parameter  of 
technology  for  all  times.  We  enquire  instead  into  its  beginnings,  beginnings 
which  are  not  small  and  insignificant  efforts  at  what  first  later  is  grasped 
with  ease,  but  an  enormous  and  scarcely  fathomable  anticipation  of  the  form  of 
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what  is  to  come.  Those  who  are  philosophically  schooled  will  notice  the 
impact  of  Martin  Heidegger  on  this  formulation  of  the  problem.  (5)  This 
impact  should  however  not  draw  attention  away  from  the  thoughts  that  are  here 
developed.  Philosophical  thinking  in  its  very  effort  not  to  be  led  astray  by 
the  search  for  explanations  and  applications.  Nature  as  that  origin  which 
embraces  within  itself  the  full  tension  between  beginning  and  end  and  which 
generates  through  this  tension  an  encounterable  world  of  beings,  such  nature 
is  ultimately  nothing  than  the  form  of  the  present. 

Our  own  present,  dominated  as  it  is  by  technology,  the  attempt  to 
overcome  nature  in  the  productions  of  free  invention,  is  as  close  to  nature  as 
any  epoch  can  be.  This  intimacy  with  nature  does  not  have  to  be  restored  by 
any  kind  of  "return".  It  has  instead  to  be  uncovered  by  the  effort  and 
concentration  of  thought. 

Our  consideration  then  of  the  "nature  of  technology"  has  as  its  goal  the 
disclosure  of  nature  Ll  technology .  This  nature  does  not  refer  to  an  ironclad 
necessity.  It  does  however  refer  to  something  that  human  beings  have  not  made 
themselves.  I  want  now  to  suggest  -  and  here  one  must  have  a  sense  for  the 
enormous  paradox  this  involves  -  that  this  disclosure  is  the  condition  of  true 
human  freedom,  a  freedom  that  has  hitherto  been  sacrificed,  not  enhanced,  by 
our  devotions  before  the  altar  of  technology. 

I 

Why  is  this  claim  that  nature  somehow  resides  in  technology  so 
astounding?  An  what  could  it  possibly  have  -  one  way  or  the  other  -  to  do 
with  the  question  of  human  freedom? 

To  get  at  these  questions  I  shall  have  to  be  as  explicit  as  possible  and 
avow  that  I  am  regarding  technology  -  the  realm  of  the  artificial  -  as  itself 
in  some  sense  a  natural  product.  Moreover,  if  technology  is  not  something 
static,  then  it  owes  its  dynamism  to  the  much  greater  dynamism  of  nature. 
Nature  is  not  the  static  realm  we  moderns  long  believed.  It  is  instead  the 
source  of  all  life  and  movement,  the  source  of  all  dynamism.  It  may  indeed 
prove  to  have  an  unpredictable  aspect  that  will  enable  it  to  resist  even  the 
attempts  of  probability  theorists,  physicists  and  cyberneticists  to  reduce  its 
newly  discovered  dynamism  to  the  static  progression  of  an  evolutionary 
process. 

Now  the  claim  that  technology  is  itself  a  natural  product  can  at  least  be 
and  plausible  by  referring  to  a  middle  term  -  the  poetic  -  which  lies  between 
nature  and  technology.  The  poetic  constitutes  such  a  middle  term  insofar  as 
the  free  invention  that  there  comes  into  play  is  -  despite  the  discipline  and 
training  that  goes  into  its  making  -  still  discernably  linked  to  the 
possession  of  natural  talent.  Works  of  art  are  at  one  and  the  same  time  works 
of  the  mind  and  works  of  nature.  (6)  To  assert  that  nature  and  natural 
necessity  lie  at  the  foundation  of  technology  is  to  recall  the  poetic  origins 
of  the  scientific  and  technological  project. 

Before  taking  up  this  theme,  I  want  to  begin  closer  to  our  own  immediate 
experience  of  technology.  Two  conflicting  images  are  familiar  to  us.  The 
first  conforms  to  the  ideal  that  technology  constitutes  a  man-made  instrument 
that  can  be  utilized  to  serve  human  ends.  By  freeing  us  from  the 
contingencies  of  nature,  by  assuming  the  work  necessary  to  produce  what  we 
need  to  survive,  technology  is  the  key  to  human  happiness  and  human  freedom. 
The  second  image  is  arises  from  the  appearance  of  much  starker  reality.  The 
liberation  of  Prometheus  seems  to  have  called  forth  the  anger  and  vengeance  of 
the  gods.  Advances  in  medicine  are  offset  by  rising  medical  costs.  Time 
saved  by  time-saving  devices  is  consumed  by  the  demands  of  the  complex  world 
defined  by  such  devices.  Greater  efficiency  in  agricultural  production  is 
counterbalanced  by  the  greater  distance  from  growing  areas  and  the  increased 
vulnerability  this  occasions,  by  rising  fears  about  poisons  in  our  foods,  by 
the  destruction  of  the  family  farm  and  what  had  been  a  good  and  stable  form  of 
life,  by  rapidly  depleted  soil  and  so  forth  and  so  on.  Growing  leisure 
corresponds  to  the  growth  of  human  automations,  T.V.  and  video  addicts  with  a 
terrifying  need  for  external  stimulation.  The  growing  wealth  of  northern 
industrial  nations  is  matched  against  the  growing  poverty  of  southern  nations, 
whose  resources  are  quickly  being  drained  by  nations  with  greater  economic  and 
military  power  and  whose  traditions  are  being  destroyed  without  the 
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compensation  of  a  temporarily  higher  standard  of  living.  The  chemical  and 
pharmaceutical  revolutions  have  engendered  poisoned  water  supplies,  a  poisoned 
atmosphere  and  a  mushrooming  population  that  seems  to  demand  some  kind  of 
"control",  the  information  revolution  plays  into  the  hands  of  advertisers  and 
other  propagandists  and  increases  the  possibility  of  totalitarian  control. 
Growing  economic  interdependence  and  the  creation  by  modern  communications  of 
a  global  village  are  only  serving  to  aggravate  political  fragmentation  made 
all  the  more  dangerous  by  the  growth  of  modern  military  technology.  The 
atomic  revolution  threatens  us  finally  with  the  destruction  of  the  entire 
planet. 

Technology  instead  of  creating  a  more  ordered  world  is  contributing  to  a 
growing  entropy.  The  picture  of  large-scale  famine  and  festering  political 
and  social  chaos  is  emerging  ever  more  clearly  as  being  directly  linked  to 

imbalances  brought  into  play  by  the  economic  and  technological  revolution  of 
developing  nations.  What  is  here  most  frightening  is  that  just  as  in  the 
military  world  there  is  no  distinction  between  arming  ourselves  and  arming  our 
enemies  so  that  the  arms  race  accelerates  beyond  all  bounds,  so  too  in  most 
general  terms  the  technological  intervention  with  the  natural  order,  which  is 
facilitated  in  the  name  of  the  creation  of  a  higher  and  more  secure  order, 
leads  to  a  growing  chaos  that  can  apparently  be  dealt  with  only  by 

technological  means.  Disturbances  created  by  technology  create  the  need  for 
more  technology. 

It  appears,  in  other  word,  that  technology,  far  from  being  an  instrument 
in  our  hands,  is  a  system  that  feeds  on  itself  and  is  now  clearly  and 

definitively  out  of  our  control.  What  do  we  do  when  the  instrument  that 

should  facilitate  greater  human  autonomy  displays  an  uncanny  autonomy  of  its 
own  that  allows  it  to  move  in  directions  counter  to  any  sane  and  rational 
human  end?  (7) 

Does  one,  (and  I  believe  this  was  the  hope  that  motivated  the  present 
conference)  take  steps  to  regain  control  of  the  instrument  of  technology,  to 
subordinate  that  instrument  to  more  human  ends? 

Or  does  one  perhaps  better  by  acknowledging  the  truth  that  technology  is 

not  simply  a  means  to  an  end,  it  is  not  -  or  it  is  primarily  -  an  instrument 

to  be  wielded  as  we  see  fit.  That  in  technological  development  a  kind  of 
necessity  is  at  work  that  should  jar  us  out  of  humanistic  fantasy,  should 

uncover  the  hybris  of  our  attempt  to  determine  freely  the  ends  and  conditions 
of  human  life,  and,  in  a  word,  should  restore  the  tragic  vision  of  the 

finitude  of  human  existence  that  the  entire  modern  world  has  tried  so  long  to 
forget. 

Sensitive  members  of  the  scientific  and  technological  community  have 
hovered  uncomfortably  between  these  two  positions  since  at  least  as  early  as 
the  bombing  of  Hiroshima.  Perhaps  the  most  single  important  document  of  the 
ambivalent  attitude  is  Norbert  Wiener's  The  Human  Use  of  Human  Beings,  first 
published  in  1950.  Interesting  in  our  regafTTs  Wiener' s  insistenci~^pon  the 
renewal  of  the  tragic  vision  coupled  with  his  clear  hope  that  cybernetics 
could  combat  the  misuse  of  technology  by  economic  and  political  powers  and 
serve  as  the  basis  for  a  new  scientific  utopia.  (8) 

The  entire  issue  seems  to  me  to  rest  on  the  question  of  whether  it  is 
even  theoretically  possible  for  the  human  mind  to  exert  control  over  the 
seemingly  uncontrollable  and  autonomous  system  that  technology  has  proven 
itself  to  be.  And  if  the  mind  is  not  to  exert  this  control,  if  it  is  instead 
to  be  turned  over  to  the  self-perpetuating  system  of  total  information,  then 
the  additional  question  must  be  posed,  whether  any  place  for  the  "human"  could 
possibly  exist  in  such  a  totally  formalized  terrain. 

II 

This  evidence  is  clear  that  technology  has  eluded  human  control.  The 
question  then  is  whether  it  has  necessarily  eluded  our  control.  This  question 
is  closely  related  to  our  primary  enquiry  into  the  nature  of  technology,  for 
we  must  first  of  all  establish  to  what  degree  we  are  speaking  of  a  purely 
human  invention.  If  technology  is  indeed  a  human  invention,  the  additional 
question  emerges  as  to  how  it  has  achieved  its  apparent  autonomy  from  the 
human  will  and  how  real  this  autonomy  is. 

One  must  first  of  all  acknowledge  how  enormous  these  problems  are.  For 
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in  speaking  of  technology  we  must  remember  that  we  are  not  addressing  merely 
the  issue  of  machine  technology,  of  interest  primarily  to  engineers.  Our  time 
has  witnessed  the  movement  towards  universal  technification.  The  production 
of  machines  is  merely  one  aspect  of  a  larger  production  that  embraces  social 
and  political  institutions,  the  attempt  to  create  on  a  global  scale  a  new 
world  order,  the  way  people  think  and  act,  and  -  potentially  at  least  -  life 
itself. 

This  universal  technification  already  has  a  long  history.  Already  in  the 
17th  and  18th  centuries,  the  theory  of  the  state  was  advanced  that  sought  its 
origin  in  the  social  contract.  God  and  nature  were  dismissed  as  underlying 
principles  of  the  social  and  political  order  and  in  their  place  was  introduced 
the  Idea  that  man  himself  has  ultimately  to  decide  what  laws  will  bind  him. 
The  French  Revolution  was  thus  the  natural  correlate  of  the  Industrial 
Revolution.  Both  can  be  traced  back  to  the  Cartesian  revolution  that  finds  in 
the  clarity  and  self-certitude  of  the  cogito  the  foundation  for  all  order  in 
being.  The  machine-state  and  machine-technology  are  rooted  not  only  in  the 
mechanical  physics  of  Newton  but  in  a  philosophy  which  makes  the 
epistemological  claim  that  only  what  is  constructed  by  the  mind  is  knowable. 
The  ultimate  expression  of  this  philosophical  attitude  is  the  metaphysics  of 
German  Idealism:  Being  itself  is  grasped  as  the  product  of  the  Mind  -  a  Mind 
whose  rationality  is  such  that  it  can  be  made  identical  with  the  human  mind  as 
the  latter  completes  its  long  education. 

The  move  towards  universal  technification  is  the  fulfillment  on  a  world- 
historical  level  of  what  originally  was  a  purely  philosophical  vision.  The 
disclosure  of  Being  as  Mind  lines  at  the  root  of  a  far-reaching  transformation 
of  the  conception  of  morality  and  the  final  goal  of  human  action.  If  order  is 
no  longer  regarded  as  natural,  if  it  is  now  regarded  as  created,  then  the 
highest  moral  imperative  will  demand  autonomy  rather  than  obedience.  Kant  and 
Fichte  elaborated  philosophies  which  regard  freedom  -  understood  as  complete 
autonomy,  complete  self-determination  -  as  the  first  principle  of  being  and  of 
action.  As  human  beings  progressively  fulfill  themselves  they  will  move 
closer  and  closer  to  the  point  where  they  create  and  control  all  reality:  the 
originally  unconscious  act  of  absolute  freedom,  which  resulted  in  the  creation 
of  the  world,  will  then  become  conscious.  Nature  will  thus  be  elevated  into 
technology.  God  will  realize  himself  and  come  to  self-consciousness  in  man. 
We  who  experience  the  limits  of  nature  as  something  given  and  not  as  something 
we  ourselves  have  made  are  called  upon  by  Fichte  to  overcome  these  limits  in 
order  to  transform  the  world  into  the  image  of  ourselves.  (9)  It  is  thus  that 
Fichte  calls  for  a  progressive  technological  mastery  of  nature  until  man  can 
see  the  whole  world  as  his  own  creation. 

The  reason  I  allude  to  this  metaphysical  anticipation  of  a  universalized 
technology  is  twofold.  I  want  first  of  all  to  show  how  encompassing  the 
technological  program  may  actually  be:  the  reconstitution  literally  of  being 
in  its  entirety.  But  in  addition  I  want  to  combat  the  notion  that  technology 
has  slowly  developed  from  a  series  of  modest  inventions  and  suggest  that 
instead  its  origin  lies  in  something  as  powerful  and  far  reaching  as  a 
disclosure  of  the  outline  and  meaning  of  being  itself.  My  next  step  is 
perhaps  predictable.  I  ask  simply  whether  such  a  disclosure  can  be  regarded 
as  something  we  human  beings  have  autonomously  engineered  -  or  whether  the 
very  thought  of  such  human  determination  arises  first  within  the  framework  of 
this  kind  of  disclosure.  What,  in  other  words,  is  the  formative  principle  of 
thi nking? 


Ill 

At  this  point  a  digression  is  in  order,  given  the  resistance  scientists 
and  engineers  must  naturally  display  in  the  face  of  this  sudden  introduction 
of  philosophy  -  and  philosophy  in  its  most  strained  and  outworn  key.  I  have 
raised  the  question  of  whether  technology  can  be  controlled.  This  question 
seems  to  me  to  bear  an  obvious  affinity  to  the  metaphysical  hypothesis  that 
the  structure  of  being  is  discernable  and  transparent  to  human  reason.  We  can 
after  all  control  only  what  we  can  calculate. 

In  order  to  focus  more  closely  on  the  philosophical  foundation  of  the 
modern  project,  I  might  refer  to  Norbert  Wiener's  classic  treatise. 
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Cybernetics:  or  Control  and  Communication  in  the  Animal  and  the  Machine. 

(Wiener,  1961)  The  title  does  much  to  illuminate  the  technological  project. 

Cybernetics  is  a  science  of  control .  Its  element  is  communication,  which  it 
understands  as  broadly  as  possible  as  an  information  exchange  that  is  the  same 
for  both  animal  and  machine.  Envisioned  here  is  a  kind  of  higher  mechanics 
that  will  bridge  the  gulfs  between  the  natural  and  the  technological,  between 
the  organic  and  the  inorganic.  For  this  endeavor  Wiener  chooses  the  17th 
century  philosopher  Leibniz  as  his  "patron  saint":  "The  philosophy  of  Leibniz 
centers  about  two  closely  related  concepts  -  that  of  a  universal  symbolism  and 
that  of  a  calculus  of  reasoning.  From  these  are  descended  the  mathematical 
notation  and  the  symbolic  logic  of  the  present  day.  Now,  just  as  the  calculus 
of  arithmetic  lends  itself  to  a  mechanization  progressing  through  the  abacus 
and  the  desk  computing  machine  to  the  ultrarapid  computing  machines  of  the 
present  day,  so  the  calculus  ratiocinator  of  Leibniz  contains  the  germs  of  the 
machine  rati oci natri x,  the  reasoning  machine.  Indeed,  Leibniz  himself  like 
his  predecessor  Pascal,  was  interested  in  the  construction  of  computing 
machines  in  the  metal.  It  is  therefore  not  in  the  least  surprising  that  the 
same  intellectual  impulse  which  has  led  to  the  development  of  mathematical 
logic  has  at  the  same  time  led  to  the  ideal  or  actual  mechanization  of 
processes  of  thought."  (10) 

Leibniz's  primary  philosophical  problem  was  to  incorporate  the  organic 
world  into  an  appropriately  expanded  form  of  Cartesian  science.  His  chief 
innovation  lies  in  his  conception  of  the  monad,  an  organic  totality  that  is 
elevated  above  linear  causality  insofar  as  it  -  "without  windows"  -  receives 
its  determination  from  within  instead  of  from  without.  This  notion  of  a  self¬ 
organizing  totality  constitutes  the  basis  of  the  cybernetic  model  of  a 
feedback  system  that  acts  upon  itself.  The  mathematical  framework  for  such 
systems  is  given  in  Leibniz's  great  discovery  of  infinitesimal  calculus.  The 
scope  of  calculation  is  enormously  expanded  when  the  noncalcul able,  the 
infinite,  can  itself  be  made  a  factor  in  calculation.  Mathematics  becomes 
process-oriented.  With  the  subsequent  development  of  statistical  analysis  the 
victory  of  calculation  will  appear  complete:  non-reversible  (and  thus  in 
classical  terms  non-predictable  and  non-cal cul abl e)  processes  can  themselves 
be  made  subject  to  analysis  and  control.  The  farthest  implication  of  this 
development  is  indicated  by  the  titles  of  two  supplementary  chapters  which 
Wiener  added  to  his  work  in  1961:  "On  Learning  and  Self-Reproducing  Machines" 
and  "Brain  Waves  and  Self-Organizing  Systems".  The  project  of  scientific 
reductionism  here  is  completed.  Everything  can  be  calculated. 

Given  the  context  of  modern  genetics,  the  technology  of  communication 
indeed  seems  to  penetrate  into  the  hidden  mechanism  of  life.  Wiener's 
fantasy,  that  it  should  be  possible  to  transport  and  reconstruct  a  human  being 
by  transmitting  telegraph  signals,  seems  to  have  a  certain  theoretical 
plausibility.  (11)  The  enormous  scope  of  communications  can  thus  be  seen  to 
underlie  the  universalization  of  technology.  Aristotle's  distinction  between 
nature,  which  produces  itself,  and  technology,  which  is  produced  by  man,  is 
apparently  overcome  where  man  learns  to  produce  a  sel f-produci ng  machine.  The 
objectification  of  reality  appears  complete  where  through  statistical  analysis 
even  subjective  decisions  can  be  pre-cal cul ated  (as  in  Wiener's  own  analysis 
of  a  fighter  pilot's  dodging  techniques).  The  indeterminate  in  time,  the 
mysterious  nature  of  the  future,  is  made  determinate  through  a  logic  of 
calculation  that  seeks  a  totally  planned  society. 

Now  the  question  of  whether  the  human  mind  can  exert  control  over  all 
that  is  calculable  is  answerable  in  Leibniz's  terms,  insofar  as  he  regards 
that  which  distinguishes  man  from  the  animals  as  "the  knowledge  of  necessary 
and  eternal  truths  that. , .furni shes  us  with  reason  and  the  sciences,  raising 
us  to  a  knowledge  of  ourselves  and  God."  (12)  The  theological  moment,  whereby 
in  science  man  achieves  a  knowledge  of  God,  the  original  "calculator"  whose 
calculation  is  the  world,  is  also  present  in  Wiener  as  one  will  find  in  his 
book,  God  and  Golem,  Inc.  (13) 

In  traditional  Aristotelian  metaphysics  this  vision  of  absolutely 
cognizable  begin  is  limited  by  one  crucial  factor:  the  individual . 
Individuality  is  constituted  by  the  participation  of  a  knowable  form  in  an 
indefinite  material  substratum  that  is  absolutely  unknowable.  (14)  The 
knowable  can  be  articulated  only  against  the  background  of  the  unknowable. 
Beings  attain  independent  substantive  existence  only  where  they  are  rooted  in 
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the  dark  ground  of  the  impenetrable  substratum.  We  have  already  seen  how 
infinitesimal  calculus  proposes  to  incorporate  the  unlimited  within  a  finite 
calculation.  This  has  its  metaphysical  correlate  in  Leibniz's  claim  that  the 
individual  is  a  mere  reflection,  a  representation,  of  the  universal.  This 
leads  finally  to  an  identification  of  being  and  representation  and  leaves  no 
room  for  an  incomprehensible  ground  of  reality,  the  prime  matter  of  Aristotle. 

To  answer  our  question  concerning  the  controllability  of  the  entire 
technological  system,  given  its  drive  towards  universality,  we  have  ultimately 
to  decide  between  the  alternative  metaphysics  of  idealism  and  realism. 
Despite  the  empirical  tradition  embraced  by  modern  science,  the  cybernetic 
system  makes  clear  its  ultimately  idealistic  character.  Modern  technological 
thinking  is  applied  Hegelian  metaphysics.  It  is  bound  to  the  notion  that 
being  is  in  its  entirety  cognizable. 

Being  in  its  entirety.  The  conception  of  being  is  inextricably  linked  to 
the  conception  of  totality.  The  assertion  of  the  comprehensibility  of  the 
whole  is  grounded  in  the  idea  that  the  whole  can  be  reduced  to  one  organizing 
principle,  to  a  first  cause,  which  in  turn  is  completely  transparent  to 
reason.  What  is  the  cause  of  the  whole?  Leibniz  gives  the  traditional 
answer:  God,  What  is  God?  God  is  causa  sui ,  the  self-caused  cause.  God  is 
that  being  which  is  absolutely  self-sufficient,  insofar  as  it  is  grounded  only 
in  itself.  Being  is,  just  as  Not-Being  is  not. 

We  are  moving  here  through  completely  rational  terrain.  We  end  thus  with 
a  tautology:  A=A.  The  cybernetic  principle  of  self-organization  seems  merely 
to  mirror  the  structure  of  Being  itself  as  a  monadic  representation  of  the 
whole. 

But  is  this  all?  Is  everything  thus  accounted  for?  Why,  in  a  word,  is 
there  Being?  Is  the  relationship  of  self-identity  itself  unmediated?  Is 
Being  itself  without  limit?  If  unlimited,  can  Being  really  be  thought?  If 
limited,  then  limited  by  what?  Is  Being,  the  order  of  self-identity,  eternal 
and  necessary?  Or  does  it  spring  from  the  abyss  of  Not-Being,  from  precisely 
that  which  cannot  function  as  a  ground  or  a  principle? 

I  could  end  with  the  claim  that  these  questions  themselves  indicate  the 
primacy  of  a  realistic  metaphysics.  A  more  positive  demonstration  of  realism 
could  be  derived  from  the  observation  that  a  self-caused  being  first  has  to  be 
before  it  can  give  rise  to  its  being.  Its  primary  being,  what  for  us  retreats 
into  the  abyss  of  an  eternal  past,  is  thus  in  a  real  sense  uncaused.  It  has 
sinipTy  happened.  Or  I  could  add  the  observation  that  Leibniz's  rationalism 
forced  him  to  a  theodicy  that  declared  ours  to  be  the  best  of  all  possible 
worlds.  From  the  point  of  view  of  a  completely  rational  and  all-encompassing 
system,  evil  is  ultimately  deemed  to  be  an  illusion.  What  now  are  we  to  make 
of  this  in  the  era  of  Auschwitz  and  Hiroshima?  Some  questions  can  perhaps 
never  be  answered.  Rationality  has  its  limits. 


IV 

I  have  concluded  then  with  a  reference  to  the  dark  side  of  Being.  The 
reference  could  be  expanded  into  a  treatise  on  the  finitude  of  Being  and  the 
corresponding  finitude  of  reason.  One  implication  of  such  a  metaphysics, 
which  I  have  called  realism,  is  that  technology  necessarily  eludes  our 
control.  As  such  technology  must  be  regarded  as  something  radically  different 
from  an  instrument  lying  at  our  disposal. 

Granted  that  the  origin  and  nature  of  technology  is  in  a  sense  the  human 
will,  which  seeks  a  means  to  realize  its  own  ends,  this  origin  nonetheless 
proves  to  be  unfathomable.  We  may  seek  what  we  will,  but  we  cannot  fully 
illuminate  the  foundation  of  the  will  itself.  The  unconscious  cannot  be  made 
fully  conscious.  This  lack  of  transparency  in  the  ground  of  being  is  the 
source  of  what  alone  can  merit  the  name  life.  Only  the  ever-abiding 
possibility  of  the  new  and  unpredictable  gives  life  its  substance,  which 
consists  of  a  radical  temporality  that  defies  logical  calculation. 

The  impenetrable  in  Being  we  call  nature,  the  inexhaustible  and 
absolutely  necessary  ground  of  every  ordered  construction.  The  devastation  of 
this  ground,  as  is  sought  in  technology,  is  the  destruction  of  being  itself. 

But  technology,  I  have  maintained,  cannot  be  controlled.  Its  path  leads 
necessarily  to  destruction.  What  then  are  we  to  do?  Simply  walk  blindly  into 
the  impending  catastrophe? 
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Such  quietism  in  the  face  of  disaster  is  not  a  response  I  would  urge.  I 

would  like  instead  to  refer  once  again  to  the  poetic  dimension  that  lies  at 

the  foundation  of  all  thinking.  Poetry  stands  in  a  more  immediate 
relationship  to  nature,  the  impenetrable  origin,  than  does  rational 
thinking.  It  is  a  more  original  thinking.  But  as  such,  it  cannot  provide  a 
complete  account  of  its  disclosures.  In  poetry  the  autonomy  of  the  poetic 
word  over  against  its  supposed  author  is  open  and  manifest.  The  very 

impenetrability  of  the  origin  is  reflected  in  the  inexhaustible  richness  of 
the  poetic  word,  a  word  that  says  what  is  ever  again  new  and  thus  awakens 
rather  than  deadens  the  mind. 

In  the  autonomy  of  the  technological  system,  in  its  uncontrollable 
nature,  its  poetic  origin  is  open  to  view.  Instead  of  aggravating  the 
technological  spiral  by  denying  this  autonomy  and  attempting  to  exert  external 
control  over  it,  we  might  begin  by  recognizing  the  limit  it  establishes.  We 
might,  that  is,  learn  humility  as  the  true  lesson  of  technology.  And  learning 
this,  we  might  find  ourselves  in  a  new  relationship  to  technology,  a 

relationship  in  which  we  can  finally  regain  our  freedom. 

This  relationship  is  not  given  where  we  turn  against  technology  and 
dismiss  it  as  the  invention  of  the  devil.  Instead  we  must  seek  to  understand 
technology  and  the  disclosures  it  brings  to  light.  In  such  a  relationship  we 
step  back  from  the  object  of  our  contemplation  and  let  it  find  its  place  in 
the  order  of  the  whole.  (14) 

This  step  back  is  not  something  new.  In  ancient  Greek  philosophy 
precisely  such  a  step  back  was  accomplished  with  regard  to  nature.  Through  a 
long  tradition  of  rational  metaphysics  nature  was  gradually  transformed  into 
an  object  and  thus  retreated  from  the  human  realm.  This  involved  both  a 
tragic  loss  and  the  ground  of  something  new:  the  emergence  of  technology. 

Where  then  will  the  step  back  from  technology  lead?  What  will  emerge  as 
the  next  disclosure  of  being?  To  have  understood  the  nature  of  technology  is 
to  understand  that  this  question  cannot  be  answered.  But  with  this  inability 
something  enormously  positive  is  given:  the  possibility  that  man  will  regain 
an  authentic  future  that  is  more  than  a  mere  extension  of  the  present.  This 
possibility  is  the  most  precious  thing  that  human  beings  can  have,  for  in  it 
resides  the  gift  of  life,  a  life  which  can  never  be  produced,  which  instead 
should  be  received  with  thankfulness  and  joy. 

One  can  of  course  continue  to  understand  the  world  as  productivity  which 
one  calculates  and  exploits.  This  understanding  can  always  be  affirmed  by 
pointing  towards  the  positive  results  of  our  various  calculations. 

Or  one  can  acknowledge  the  given  in  the  world,  what  I  have  here  called 
nature.  And  in  the  heart  of  this  given  one  might  discover  the  truly 
indeterminate,  the  dark  night  that  always  precedes  and  follows  the  world  of 
light.  In  turning  its  back  on  this  night  technology  only  hastens  its 
return.  It  is  time  now  that  we  make  peace  with  the  night,  that  we  no  longer 
shrink  before  it  in  fear,  for  only  then  can  we  enjoy  the  day  while  it  still 
lasts. 
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ABSTRACT 

Since  technology  has  a  value  system  it  is  not  neutral.  One  consequence 
of  technology  having  values  is  that  it  has  a  viewpoint,  i.e.,  it  "frames" 
reality  according  to  these  values.  Because  of  technology's  growing  influence 
in  society,  the  danger  exists  that  this  restricted  manner  of  viewing  reality 
could  become  accepted  as  the  "proper"  way  to  look  at  reality  --  with  the 
effect  of  other  viewpoints  being  attenuated  or  eliminated.  Because  of  the 
bilateral  nature  of  the  interaction  between  society  and  technology,  the 
occurrence  of  the  dominance  of  the  technological  ethos  would  have 
repercussions  for  technology  itself.  In  order  for  technology  to  prosper,  it 
needs  to  be  imbedded  in  a  diverse  cultural  matrix.  Thus,  it  is  to  the 
advantage  of  technology,  as  well  as  society,  to  be  sure  that  the  technological 
ethos  maintains  its  proper  sphere  of  influence. 

I 

The  question  "Is  technology  neutral?"  appears  to  be  a  polarizing  element 
in  many  discussions  of  the  social  implications  of  technology.  Before 
outlining  any  answer  to  this  question,  it  seems  necessary  to  clearly 
understand  what  is  being  posed  by  the  question  itself.  To  achieve  this,  it  is 
desirable  to  clarify  the  substantive  terms  in  the  quesition  --  "technology" 
and  "neutral."  The  slipperiest  of  these  two  is  "neutral,"  so  we  will  begin 
with  it. 

If  one  takes  "neutral"  as  meaning  "having  no  effect"  (as  in  a  chemical 
reaction),  then  obviously  technology  --  whatever  it  is  --  is  not  neutral.  I 
cannot  conceive  of  anyone  claiming  causal  neutrality  for  technology.  But 
clearly  this  is  not  what  is  meant  when  this  question  is  posed  by  others.  For 
example,  Langdon  Winner  contends  that  one  of  the  tenets  of  the  "stultifying 
technical  orthodoxy"  is  "that  technologies  are  neutral:  they  are  simply  tools 
on  how  men  use  them."  (Winner,  Langdon,  1981)  David  Sarnoff  is  an  advocate 
of  this  view:  "The  products  of  modern  science  are  not  in  themselves  good  or 
bad;  it  is  the  way  they  are  used  that  determines  their  val ue"  (emphasis 
added).  (Quoted  in  Marshall  McLuhan,  1964)  I  believe  it  is  safe  to  say  that 
this  view  is  fairly  broadly  held  by  the  technical  community,  so  it  seems 

fruitful  to  scrutinize  this  outlook  for  the  implication  it  has  relative  to  the 
ineani  ng  of  "neutral . " 

The  implication  seems  to  be  that  technology  is  morally  neutral,  i.e., 

innocent.  Thus  our  original  question  can  be  rephrased  as:  Given  that 
technology  is  not  causally  neutral  (it  does  affect  our  world),  can  it  be 
morally  neutral?  This  question  is  akin  to  the  perplexing  philosophical 
personal  question:  If  one  influences  the  world  in  which  one  lives,  can  one  be 
truly  innocent?  (a  question  with  Dostoevskian  overtones).  Melvin  Kranzberg 
seems  to  be  saying  that  yes,  it  is  possible  to  be  morally  neutral  while 

causally  non-neutral. 

I  should  like  to  suggest  that  the  probl em  is  not  bechnology 
i  tsel  f  but  the  way  in  which  technology  has  interacted  with 

other  aspects  of  our  society,  so  that  technical  developments 
frequently  have  unforeseen  social  and  human  consequences.  I 
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express  this  in  the  form  of  Kranzberg's  First  Law: 
"Technology  is  neither  good  nor  bad,  nor  is  it  neutral."  By 
this  I  mean  that  technology's  interaction  with  society  is  such 
that  technical  developments  frequently  have  human  and  social 
consequences  which  go  far  beyond  the  immediate  purpose  of  the 
technical  devices  and  practices  themselves.  (Emphasis 
added).  (Kranzberg  Melvin,  1980) 

It  is  interesting  that  this  point  to  compare  Kranzberg's  and  Sarnoff's 
remarks.  Notice  that  although  Kranzberg  has  introduced  subtlety, 
sophistication  and  complication,  he  is  still  exonerating  technology  from  moral 
cul  pabi 1 i ty . 

This  postulated  moral  neutrality  of  technology  is  a  two-edged  sword  from 
the  standpoint  of  salving  the  consciences  of  practicing  technologists. 
Initially  it  seems  an  enviable  position:  there  is  an  aura  of  childlike 

innocence  about  our  acti vi ti es--l  i ke  a  child  we  are  not  responsible  for  what 
we  do.  There  is,  however,  an  obverse  side  which  is  not  nearly  so 
attractive.  This  moral  neutrality  is  based  upon  viewing  technology  purely  as 
a  means  (providing  tools  for  society  to  use)  with  the  ends  (the  actual  usage 
of  technology)  lying  beyond  and  outside  the  realm  of  engineering;  this 
position  also  assumes  that  available  means  have  no  casual  influence  on  the 

ends  chosen.  If  technology  truly  is  only  a  means,  the  engineering  is  the  ends 
chosen.  If  technology  truly  is  only  a  means,  then  engineering  is  a  second 

class  profession  since  we  are  the  mere  pawns  of  the  real  power  brokers.  We 
buy  our  innocence  at  a  tremendous  cost:  to  be  innocent,  we  must  be  powerless. 

Yet  technology  is  a  power.  It  would  seem  at  a  gut  level  that 
technological  innocence  is  too  good  to  be  true.  Contrast  the  following 

remarks  of  Arnold  Pacey  to  the  earlier  Kranzberg  quotation. 

People  often  say  that  the  fault  is  not  with  technology  but 
with  the  way  it  is  applied.  But  the  two  are  not  separable. 
Technology  is  about  application.  It  is  not  an  abstract, 

unbiased  and  morally  neutral  collection  of  useful  skills  and 

knowledge.  It  also  includes  ideas  about  how  knowledge  may  be 
used,  based  on  presuppositions  about  nature,  and  how  one 
should  study  nature  and  use  it,  and  presuppositions  about 
society,  and  how  technical  change  and  social  change  are 
linked.  If  the  practice  of  technology  leads  to  frequent  or 
dangerous  dislocations  in  the  natural  environment  or  in 
society,  then  it  is  perfectly  right  to  suspect  that  there  is 
something  wrong  with  technology  itself,  as  a 
di scipl i ne. ...  (Pacey ,  Arnold,  1976) 

Pacey  admits  the  Dostoevski  an  late  night  thoughts  that  Kranzberg  carefully 
avoids . 

Let  us  back  up  yet  one  more  time  to  see  if  we  cannot  finally  pin  down 
this  term  "neutral".  Sarnoff's  remark  is  a  good  reference  point.  Technology 
is  neither  good  nor  evil;  this  has  a  good  ring  to  it.  Engineers  often  respond 
as  if  the  critics  of  technology  are  claiming  that  technology  is  an  unmitigated 
evil;  this  is  clearly  an  untenable  position  and  one  which,  in  fact,  few 
critics  actually  take.  It  is  just  as  untenable  to  claim  that  technology  is 
totally  good.  However,  granting  these  two  positions  is  not  the  same  as 

assigning  moral  neutrality  to  technology.  Some  aspects  of  technology  may  be 
good,  some  may  be  bad,  some  ambiguous,  and  some  (morally)  neutral.  Thus, 

although  technology,  as  a  whole,  is  neither  good  nor  evil,  it  cannot  claim 

i nnocence. 

A  better  way  to  phrase  our  original  question  can  be  gained  by  returning 
to  the  emphasized  word  in  the  Sarnoff  quotati  on-- '  val  ue '  .  In  place  of  "is 
technology  neutral?"  let  us  put  "Is  technology  value-free?"  This  is  clearly 
a  better  way  to  state  the  question  since  it  implies  neither  a  wholesale 
condemnation  of  nor  a  total  acquiescence  in  the  activities  of  technology;  the 
question  itself  is  more  nearly  neutral.  If  technology  does  have  a  set  of 

values,  some  of  these  may  be  good,  some  bad,  some  neutral,  some  debatable, 
etc . 

Having  refined  the  question  "Is  technology  neutral?"  down  to  "Is 
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technology  value-free?",  we  are  now  in  a  position  to  clarify  the  term 
"technology,"  a  task  that  happily  will  be  much  briefer  than  our  previous 
one.  A  good  place  to  begin  is  the  etymology  of  the  word  "technology."  It  is 
a  combination  of  two  Greek  roots:  techne,  art  (skill,  craft),  and  logos, 
reason  (word,  reason  manifested  through  speech).  Thus,  technology  is  a 
combination  of  art  and  reason,  a  truly  venerable  union.  The  word  "technology" 
does  not  simply  refer  to  the  artifacts  but  to  the  entire  body  of  methods  and 
materials  used  in  combining  science  and  art  to  produce  items  and  concepts  to 
satisfy  industrial,  commercial,  and  social  objectives.  Thus,  I  am  using  the 
word  "technology"  in  a  very  broad  sense  (as  contrasted  to  a  narrow  usage  as, 
e.g. ,  in  the  MOS  technology"). 

Although  the  above  is  certainly  not  a  rigorous  description  of  the  concept 
of  "technology,"  it  is  adequate  to  prevent  misunderstanding  and  to  allow  us  to 
get  on  with  the  topic  of  this  paper. 


II 

Is  technology  value-free?  Sarnoff  clearly  thinks  so  in  his  statement, 
but  I  feel  this  response  is  almost  an  automatic  defensive  reply  that  has  a 
longer  pedigree  than  most  engineers  realize.  Although  this  reply  is  partially 
a  response  to  current  attacks  on  technology,  it  has  historically  deeper  roots 
that  can  be  traced  to  the  fact/value  dichotomy  that  has  engaged  philosophers 
basically  since  the  origins  of  modern  science.  Although  interesting  and 
relevant,  there  seems  no  need  to  trace  the  history  of  the  fact/value 
controversy  for  our  purposes  here.  A  simple  way  to  establish  that  technology 
does  possess  values  is  to  list  some  of  them  that  I  think  everyone  would  agree 
to. 

A  representative  list  of  what  I  consider  major  value  components  is: 
Objectivity,  quantification,  and  utilitarianism.  From  these  follow  some 
lesser  but  more  specific  value  terms:  efficiency  and  a  systems  approach  which 
emphasizes  function  over  device  (this  last  a  somewhat  paradoxical  turn  for 
technology).  All  of  these  are  nicely  combined  in  what  I  consider  one  of  the 
major  technological  concepts  of  our  age--the  cost/benefit  ratio,  or  simply  the 
cost  function. 

Although  perhaps  not  everyone  would  agree  with  all  the  items  listed,  I 
think  that  almost  everyone  would  agree  that  some  of  these  concepts  underpin 
modern  technology.  I  think  it  is  equally  clear  that  these  terms  are  not 
val ue-f ree. 

What,  then,  is  the  significance  of  technology  having  a  value  system?  The 
consequence  which  I  wish  to  discuss  is  that  technology  creates  a  "frame" 
through  which  the  functioning  technologist  views  his  world.  This  imagery  of  a 
frame  is  a  quite  potent  one  and  it  has  been  used  by  a  number  of  authors.  The 
significance  of  the  "frame"  image  is  well  explained  by  Alan  Watts; 

Now  a  skilled  photographer  can  point  his  camera  at  almost  any 
scene  or  object  and  create  a  marvelous  composition  by  the  way 
in  which  he  frames  and  lights  it.  An  unskilled  photographer 
attempting  the  same  thing  creates  only  messes.. .How  eloquently 
this  demonstrates  that  as  soon  as  we  introduce  a  frame 
anything  does  not  go.  (Watts,  Alan,  1960) 

Watt's  point  is  that  "Every  framework  sets  up  a  restricted  field  of 
relationships...,"  i .e. ,  if  we  "frame"  reality  by  a  technological  viewpoint, 
we  are  leaving  out  a  lot  of  other  considerations  that  clutter  our  picture, 
just  as  a  professional  photographer  (or  perhaps  better,  painter)  excludes 
clutter  form  his  pictures  by  "proper"  framing. 

I  think  it  obvious  that  this  technological  framing  is  beneficial  to  the 
practice  of  technology;  it  is  basically  the  Cartesian  method  for  solving 
complex  problems.  But  let's  carry  the  photographic  metaphor  just  a  little 
further  to  introduce  what  Heidegger  has  called  the  "danger"  of  enframing.  The 
danger  arises  when  someone  starts  thinking  that  an  Ansel  Adams  photograph  is 
reality,  i.e,,  when  we  think  that  the  "clutter"  that  has  been  eliminated  by 
"framing"  is  truly  clutter  --  insignificant,  valueless,  perhaps  even  improper 
(it  did  not  belong  there  in  the  first  place).  A  typical  family  album 
photograph  probably  has  zero  artistic  merit,  yet  the  personal  resonances 
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evoked  by  viewing  such  a  photo  can  arouse  much  deeper  personal  feelings  in  a 
family  member  than  viewing  the  work  of  a  great  artist.  To  deny  meaning  and 
relevance  to  this  "clutter"  seems  narrow. 

To  illustrate  this  restricting  property  of  technological  framing,  let's 
consider  the  previously  listed  value  components:  objectivity,  quantification, 
and  utilitarianism.  The  first  excludes  individual  experience  and  feelings 
(the  individual  is  subordinate  to  the  universal,  possibly  contributing  to  the 
linkage  in  some  people's  minds  between  technology  and  authoritarian  political 
structures).  The  second  excludes  qualitative  thought  and  discourse  (a  girl  is 
no  longer  radiant,  matronly,  stunning,  horse-faced,  etc.,  but  ranked  on  a 
scale  of  1  to  10).  The  last  excludes  the  frivolous  (or  forces  us  to  justify 
the  frivolous  by  false  utilitarianism:  a  walk  in  the  woods  is  no  longer  just 
enjoyable  but  contributes  to  our  health).  To  emphasize  the  point  once  more, 
framing  and  the  exclusions  which  accompany  that  act  are  not  necessarily  bad. 
What  is  dangerous  is  to  consider  the  framed  view  as  reality,  i.e.,  as  a 
complete  picture  of  what  is.  This  last  trap  is  especially  easy  to  fall  into 
when  one  becomes  so  accustomed  to  framing  in  one  specific  way  that  one  no 
longer  realizes  that  one  is  framing. 

These  last  several  paragraphs  serve  as  an  introduction  to  the  admittedly 
difficult  treatment  of  technological  framing  given  by  Martin  Heidegger  in  his 
essay  "The  Question  Concerning  Technology."  (Heidegger,  Marting,  1977)  For 
those  wishing  help  in  struggling  with  this  essay,  assistance  can  be  obtained 
from  several  sources.  (Biemel,  Walter,  1976)  (Hood,  Webster  F.,  1972)  In 
presenting  Heidegger's  ideas,  I  will  eschew  jargon  as  much  as  possible; 
however,  some  terms  are  so  central  to  his  arguments  that  it  would  be  a 
disservice  to  avoid  them. 

According  to  Heidegger,  one  major  consequence  of  the  anthropocentric 
utilitarian  viewpoint  of  technological  framing  is  that  it  treats  the  world  as 
if  it  were  a  "standing-reserve"  (Heidegger's  term),  something  at  our  beck  and 
call,  just  standing  by  waiting  for  us  to  decide  what  to  do  with  it.  This  in 
turn  implies  a  predominance  of  function  over  device,  or  basically  a  systems 
viewpoint.  We  can  (within  constraints)  shuffle  the  objects  of  reality  around 
independent  of  their  present  physical  manifestations  ad  substitute  one  object 
for  another  to  perform  whatever  function  we  currently  wish  it  to  do.  An 
illustration  of  this  point  is  the  beer  can  shim  in  Pirsig's  ZAMM.  (Pirsig, 
Robert  M.,  1979)  The  narrator  proposes  cutting  up  a  beer  can  to  use  as  a  shim 
to  repair  the  handlebar  on  John's  motorcycle.  John  is  aghast;  for  John,  a 
shim  is  a  shim  and  a  beer  can  is  a  beer  can.  A  shim  is  something  you  buy  at  a 
motorcycle  parts  dealership,  not  something  you've  just  finished  drinking  beer 
out  of.  John  is  trapped  in  the  world  of  "underlying  form."  John  is  a  victim 
of  what  Pirsig  calls  the  split  into  "romantic"  and  "classical"  understanding. 

Exploring  this  abstract  system  viewpoint  a  little  further,  consider  that 
one  can  analyze  the  stability  of  a  given  block  diagram  without  knowing  whether 
it  is  the  model  of  a  steel  mill,  the  national  economy,  or  the  central  nervous 
system  (see,  e.g.,  the  homework  problems  in  a  popular  undergraduate  textbook 
in  control  systems)  (Dorf,  Richard  C.,  1980)  It  is  interesting  to  compare 
this  contentless  aspect  of  an  important  engineering  discipline  to  McLuhan's 
remark : 

Many  people  would  be  disposed  to  say  that  it  was  not  the 
machine,  but  what  one  with  the  machine,  that  was  its  meaning 
or  message.  In  terms  of  the  ways  in  which  the  machine  altered 
our  relations  to  one  another  and  to  ourselves,  it  mattered  not 
in  the  least  whether  it  turned  out  cornflakes  or  Cadillacs. 
(McLuhan,  1964,  p.  23) 

Thus,  curiously,  technological  framing  leads  to  a  certain  degree  of 
abstraction  in  viewing  the  world.  Objects  are  not  simply  seen  as  what  they 
are  but  in  terms  of  functions  they  can  perform.  As  Heidegger  states,  "the 
object  disappears  into  the  objectlessness  of  standing-reverse."  (Heidegger, 
Martin,  1977,  p.  19)  Given  Heidegger's  viewpoint,  those  concerned  that 
technology  will  eventually  make  us  treat  man  as  an  object  are  chasing  a 
pseudo-problem  since  technology  no  longer  treats  objects  like  objects. 

Heidegger  contends  that  this  technological  framing  of  the  world  into  a 
"standing-reverse"  is  the  "supreme  danger"  to  our  society.  It  is  important  to 
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understand  his  reasoning  on  this  point  to  avoid  falsely  accusing  him  of  being 
anti-technology ,  which  he  certainly  is  not.  Furthermore,  the  arguments 
themselves  give  new  insight  into  the  problems  being  discussed  in  this  essay. 
Thus,  let  me  attempt  to  summarize  Heidegger's  line  of  reasoning. 

1)  The  technical  framing  viewpoint  is  correct.  If  the  viewpoint  were 
incorrect  then  there  would  be  no  crucial  danger  since  we  would  eventually 
discover  its  invalidity.  Being  (reality)  is  so  structured  that  it  can  in  fact 
be  treated  as  "standing-reverse."  Thus,  man  alone  is  not  solely  responsible 
for  the  creation  and  dominance  of  the  technological  world-view;  man  has  been 
aided  and  abetted  by  Being  (the  structure  of  reality). 

2)  Although  correct,  the  technological  world-view;  is  not  complete, 
i.G.,  it  does  not  exhaustivley  describe  our  world  nor  is  it  the  only  way  to 
reveal  reality.  For  example,  art  (in  its  broadest  sense)  is  another  way  to 
reveal  (disclose,  expose)  Being. 

3)  The  danger  is,  then,  that  the  correct  is  mistaken  for  the  complete, 
and  technological  framing  is  not  recognized  as  being  merely  one  paradigm  of 
reality  but  is  mistakenly  claimed  to  be  the  sole  structure  of  reality. 
Restating,  the  danger  is  that  mode  of  revealing  pretends  that  it  is  the  mode 
of  revealing  and  thus  excludes  other  ways  of  exploring  and  understanding  the 
world  around  us. 

It  is  important  to  understand  that  Heidegger  is  not  ascribing  this 
technological  framing  viewpoint  solely  to  technologists;  it  is  being 
assimilated  by  society  and  becoming  a  quotidian  attitude.  In  an  attempt  to 
sharply  focus  on  the  point  being  made,  consider  this  one-sentence  summary: 
The  technological  "standing-reverse"  frame  is  highly  successful  because  it 
works  and  is  correct;  but  this  very  success  engenders  an  undue  emphasis  on 
this  mode  of  looking  at  the  world  which  results  in  a  falsified  picture  of 
reality  due  to  the  exclusion  (or  at  least  attenuation)  of  other  modes  of 
apprehending  the  world  about  us.  Heidegger's  conclusion  from  this  chain  of 
reasoning  is  in  an  almost  poetic  or  even  prophetic  style: 

As  soon  as  what  is  unconcealed  no  longer  concerns  man  even  as 
object,  does  so,  rather,  exclusively  as  standing-reserve,  and 
man  in  the  midst  of  objectlessness  is  nothing  but  the  ordered 
of  the  standing-reserve,  then  he  comes  to  the  very  brink  of  a 
precipitous  fall;  that  is,  he  comes  to  the  point  where  he 
himself  will  have  to  be  taken  as  standing-reserve.  (Heidegger, 
Martin,  1977,  p.  27) 

This,  as  Heidegger  sees  it,  is  the  "sumpreme  danger"  of  the  technological 
framing  viewpoint.  Yet  (for  Heidegger)  within  this  very  danger  lies  our 
"salvation"  since  man  can  now  recognize  technical  enframing  as  merely  _a  mode 
of  revealing  and  not  the  sole  mode  and  can  thus  transcend  its  limits  by 
embracing  other  modes  of  revealing  in  addition  to  the  "standing-reserve"  mode. 

Heidegger's  prescription  is  thus  deceptively  simple:  one  merely  changes 
the  way  one  looks  at  the  world  "Here  and  now  and  in  little  things.  .  .  .  " 
(Heidegger,  Martin,  1977,  p.  33)  To  most  people  I'm  sure  this  sounds  a  meager 
and  impotent  suggestion.  Yet  other  thinkers  have  come  to  essentially  the  same 
conclusion.  Robert  Pirsig  states: 

The  place  to  improve  the  world  is  first  in  one's  own  heart  and 
head  and  hands,  and  then  work  outward  from  there.  Other 
people  can  talk  about  how  to  expand  the  destiny  of  mankind.  I 
just  want  to  talk  about  how  to  fix  a  motorcycle.  I  think  that 
what  I  have  to  say  has  more  lasting  value.  (Pirsig,  Robert  M., 

1979,  p.  297) 

What  Heidegger,  Pirsig  and  others  are  calling  for  is  basically  a  cultural 
transformation  by  peaceful  means  which  is  centered  on  each  individual 
interacting  with  other  individuals.  They  eschew  legislation,  promotional 
hype,  and  violent  revolution  as  not  only  counter-productive  but  simply  not 
applicable.  The  transformation  they  are  calling  for  also  seems  subtle  to  many 
people:  in  fact,  so  subtle  as  to  seem  non-existent  to  some.  However,  one  can 
contend  that  this  perceived  subtlety  is  deceptive  and  arises  from  the 
predominance  of  the  technological  framework:  we  are  so  ensconced  in  it  that 
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we  do  not  realize  how  much  it  pervades  out  thought  and  how  frequently  we 
reject  non-technical  viewpoints  as  being  frivolous. 

Many  engineers  are  either  bored  or  repelled  by  these  "philosophical  " 
considerations  and  view  them  as  extraneous  to  the  practice  of  technology. 
Basically  due  to  the  nature  of  their  proclivities,  engineers  feel  more 
comfortable  talking  about  specific  manifestations  of  technology  than 
discussing  philosophical  concepts  that  lie  at  the  core  of  technology.  But 
understanding  these  concepts  seem  vital  to  meaningful  discourse  about  the 
implications  of  technology.  It  serves  no  purpose  to  answer  critiques  such  as 
Heidegger's  with  a  ritual  listing  of  specific  devices  which  have  contributed 
to  a  better  world;  yet  this  is  precisely  what  many  engineers  do.  It  is 
crucial  for  engineers  to  understand  that  the  views  of  Heidegger,  Pirsig  et . 
al . ,  would  still  pertain  in  a  world  without  nuclear  weapons,  pollution,  and 
artificial  mind-destroying  drugs.  Their  critiques  are  at  a  level  which 
transcend  specific  devices  and  are  independent  of  the  relative  merits  of  any 
specific  device.  It  is  also  important  to  recognize  that  these  people  are  not 
rejecting  technology  but  are  struggling  to  find  a  rewarding  way  to  live  and 
interact  with  technology.  Pirsig's  work  is  especially  interesting  because  he 
directly  addresses  this  transformation  from  within  the  framework  of  technology 
rather  than  approaching  it  as  an  outsider.  Further,  these  considerations  are 
not  truly  extraneous  to  technology,  as  the  next  section  argues. 

Ill 

Up  to  this  point,  I  have  dealt  with  the  flow  of  influence  from  technology 
to  society.  But  the  relationship  between  technology  and  society  is  bilateral 
rather  than  unilateral.  Social  influence  on  technology  is  not  merely  a  fact 
but  also  a  desirable  situation  in  most  cases.  Technology  needs  outside  forces 
driving  and  shaping  it;  we  need  independent  inputs  to  spur  creativity,  guide 
our  direction,  and  provide  inspiration.  The  type  of  society  a  technology 
exists  in  does  directly  affect  that  technology. 

Combining  the  viewpoint  of  Part  II  with  the  above  comments,  we  can  see 
that  Heidegger's  "danger"  to  society  is  also  a  danger  to  technology.  When  the 
technological  ethos  dominates  society,  these  "outside"  forces  that  shape 
technology  are  no  longer  independent  inputs.  Metaphorically,  technology  is 
like  a  feedback  system  with  no  input.  The  system  is  driving  itself;  no 
external  "reference"  signal  is  given  and  the  system  response  is  determined 
solely  by  its  internal  structure.  We  are  like  an  artist  who  embraces  one 
"school"  of  thought  to  the  exclusion  of  all  others  and  whose  creativity  thus 
becomes  stifled.  In  a  nutshell,  the  enterprise  of  technology  needs  a 
framework  broader  than  that  provided  by  technology  itself  in  order  for 
technology  to  prosper  and  grow. 

This  topic  has  been  explored  extensively  by  the  Spanish  philosopher  Jose 
Ortega  y  Gasset.  Ortega  comments  that  modern  man  (including  technologists)  is 
largely  "unaware  of  the  artificial,  almost  incredible,  character  of 
civilization,  and  does  not  extend  his  enthusiasm  for  the  instruments  to  the 
principles  which  make  them  possible."  (Ortega  y  Gasset,  Jose,  1957,  p.  82)  It 
must  be  clearly  understood  that  Ortega  is  not  using  the  word  "artificial"  in  a 
pejorative  sense.  Civilization  is  not  a  natural  occurrence;  it  is  man-made 
and  thus  artificial.  Orgtega's  point  is  that  it  thus  requires  constant  effort 
on  our  part  to  prevent  this  artificial  civilization  from  degenerating  back 
into  a  natural  state. 

Since  present-day  man,  as  soon  as  he  opens  his  eyes  to  life, 
finds  himself  surrounded  by  a  superabundance  of  technical 
objects  and  procedures  forming  an  artificial  environment  of 
such  compactness  that  primordial  nature  is  hidden  behind  it, 
he  will  tend  to  believe  that  all  these  things  are  there  in  the 
same  way  as  nature  itself  is  there,  without  further  effort  on 
his  part:  that  aspirin  and  automobiles  grow  on  trees  like 
apples.  That  is  to  say,  he  may  easily  lose  sight  of 
technology  and  of  the  condi ti ons--the  moral  conditions,  for 
exampl e--under  which  it  is  produced  and  return  to  the 
primitive  attitude  of  taking  it  for  a  gift  of  nature  which  is 
simply  there.  (Ortega  y  Gasset,  Jose,  1962,  p.  153) 
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Similar  conclusions  were  reached  almost  a  century  earlier  by  that  astute 
observer  of  civilization  Alexis  de  Tocqueville.  I  should  like  to  quote  in 
its  entirety  the  chapter  "That  excessive  care  of  worldly  welfare  may  impair 
that  welfare"  from  Democracy  in  America. 

There  is  a  closer  tie  than  is  commonly  supposed  between  the 
improvement  of  the  soul  and  the  amelioration  of  what  belongs 
to  the  body.  Man  may  leave  these  two  things  apart,  and 
consider  each  of  them  alternately;  but  he  cannot  sever  them 
entirely  without  at  last  losing  sight  of  one  and  of  the 
other.  The  beasts  have  the  same  senses  as  ourselves,  and  very 
nearly  the  same  appetites.  We  have  not  sensual  passions  which 
are  not  common  to  our  race  and  theirs,  and  which  are  not  to  be 
found,  at  least  in  the  germ,  in  a  dog  as  well  as  a  man. 

Whence  is  it  then  that  the  animals  can  only  provide  for  their 
first  and  lowest  wants,  whereas  we  can  infinitely  vary  and 
endlessly  increase  our  enjoyments? 

We  are  superior  to  the  beasts  in  this,  that  we  use  our  souls 
to  find  out  those  material  benefits  to  which  they  are  only  led 
by  instinct.  In  man,  the  angel  teaches  the  brute  the  art  of 
contenting  its  desires.  It  is  because  man  is  capable  of 
rising  above  the  things  of  the  body,  and  of  contemning  life 
itself,  of  which  the  beasts  have  not  the  least  notion,  that 
he  can  multiply  these  same  things  of  the  body  to  a  degree 
which  inferior  races  are  equally  unable  to  conceive.  Whatever 
elevates,  enlarges,  and  expands  the  soul  renders  it  more 
capable  of  succeeding  in  those  very  undertakings  which  concern 
it  not.  Whatever,  on  the  other  hand,  enervates  or  lowers  it 
weakens  it  for  all  purposes,  the  chiefest,  as  well  as  the 
least,  and  threatens  to  render  it  almost  equally  impotent  for 
the  one  and  for  the  other.  Hence  the  soul  must  remain  great 
and  strong,  though  it  were  only  to  devote  its  strength  and 
greatness  from  time  to  time  to  the  service  of  the  body.  If 
men  were  ever  content  themselves  with  material  objects,  it  is 
probably  that  they  would  lose  by  degrees  the  art  of  producing 
them;  and  they  would  enjoy  them  in  the  end,  like  the  brutes, 
without  discernment  and  without  improvement. 

(de  Tocqueville,  Alexis,  1900,  p.  157) 

Thus,  my  concern  with  technological  enframing  is  not  limited  to  the  broad 
non-technical  implications  of  this  view  (obviously  very  important),  but  it  is 
also  much  more  parochial  in  nature.  I  am  greatly  concerned  about  its  effect 
upon  technology  itself.  To  keep  technology  prospering,  we  need  to  firmly  know 
its  formulas,  devices,  algorithms,  procedures,  etc.  But,  to  borrow  a  phrase 
from  Robert  Louis  Stevenson,  we  also  need  to  factor  in  a  "transcendental 
coefficient."  (Quoted  in  Hardy  Cross,  1952,  pp.  135-136) 

One  way  to  phrase  my  point  is  that  we  need  to  regain  certain  art  (craft) 
aspects  of  our  techne-logos  combination.  I  am  not  advocating  a  return  to  the 
medieval  guild  system,  nor  am  I  simply  pushing  a  restoration  of  skill  and 
quality  (though  there  is  nothing  wrong  with  that).  But  I  am  referring  to  some 
of  the  attitudes  traditionally  (perhaps  sometimes  erroneously)  associated  with 
craftsmen,  e.g . ,  enthusiasm  and  excitement  and  personal  involvement. 

As  Samuel  Florman  has  stated,  people  used  to  exhibit  a  sense  of  wonder 
and  awe  before  great  engineering  feats,  yet  "now  it  seems  that  no  sense  of 
wonder  can  be  summoned  at  all."  (Florman,  Samuel  C.,  1981,  p.  160)  It  seems 
to  me  that  there  is  a  real  danger  of  this  sense  of  wonder  being  lost  by 
engineers  themselves.  Modern  science  and  technology  are  basically  awe- 
destroying  in  at  least  two  ways.  First  modern  science  is  predicated  on 
destroying  mystery  from  our  universe  by  providing  a  rational  explanation  oP 
its  workings.  Secondly,  as  A.  N.  Whitehead  noted,  the  true  breakthrough  of 
the  technological  revolution  was  the  "invention  of  the  method  of  invention." 
Although  technology  has  been  with  us  for  centuries,  it  is  this  aspect  of 
modern  technology  which  distinguishes  us  from  previous  eras.  As  a  consequence 
of  this  methodological  invention,  technological  change  has  become  "quick. 
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conscious,  and  expected"  (emphasis  added).  (Whitehead,  Alfred  North,  1967,  p. 
96)  Basically,  awe  follows  from  the  unexpected.  In  our  modern  world  of 
technological  expectations,  we  are  more  awe-struck  by  the  failure  of  a 
specific  technology  to  develop  than  by  continued  technical  progress.  It  seems 
to  me  that  a  certain  amount  of  wonder  is  advantageous  to  the  practice  of 
technology;  it  also  seems  necessary  to  look  outside  the  technological  frame  to 
find  a  source  for  this  awe. 

At  this  point  in  the  argument  there  are  probably  a  number  of  engineers 
who  would  say:  "Come  on!  What  is  all  this  romantic  bunkum  about  'improvement 
of  the  soul'  and  'transcendental  coefficient'  and  'awe'  and  'mystery.'  We  got 
rid  of  this  excess  baggage  after  the  seventeenth  century  and  good  riddance. 
Technology  has  nothing  to  do  with  these  things."  Perhaps  strictly  speaking, 
technology  qua  technol ogy  does  have  nothing  to  do  with  these  things  ( i . e . ,  we 
employ  the  technological  frame  which  does  exclude  these  things  and  which  is 
indeed  very  useful).  But  the  practice  of  technology  (by  human  beings)  does 
depend  on  these  factors.  I  contend  that,  given  two  people  of  equal  talent  and 
knowledge,  the  person  excited  about  what  he  is  doing  will  usually  produce 
better  results  than  the  person  indifferent  to  his  task.  Even  in  the  cold, 
impersonal  world  of  technology,  the  subjective  attitudes  of  its  practitioners 
are  significant  to  success  or  failure. 

The  continued  progress  of  technology  depends  upon  the  attitudes  of  its 
practitioners.  Technology  qua  technology  cannot  provide  these  proper 
attitudes.  This  is  where  we  need  those  independent  societal  inputs  to  drive 
us.  Although  technology  itself  cannot  generate  these  attitudes,  it  can  stifle 
them,  through  the  processes  discussed  in  the  preceding  paragraphs.  Thus,  as 
practitioners  of  technology,  we  need  to  ensure  that  the  technological 
viewpoint  does  not  become  the  sole  ethos  of  our  society.  It  is  our  duty,  to 
ourselves  as  well  as  to  society,  at  abet  cultural  diversity. 

Furthermore,  the  appreciation  of  technology  by  those  outside  its  realm 
should  be  furthered  if  it  artistic  side  is  recognized  as  well  as  its 
scientific  side.  As  Arthur  Orexler  comments: 

Engineering  is  among  the  most  rewarding  of  the  arts  not  only 
because  it  produces  individual  masterpieces  but  because  it  is 
an  art  grounded  in  social  responsibility.  Today  we  lack  the 
political  and  economic  apparatus  that  would  facilitate  a  truly 
responsible  use  of  our  technology.  But  it  may  be  that  a  more 
skillful  and  humane  use  of  engineering  depends  on  a  more 
knowledgeable  response  to  its  poetry.  (Quoted  in  Florman, 

1981, p.  161) 

I  contend  that  Orexler' s  concluding  comment  applies  to  both  technical 
practitioners  and  layman.  The  danger  of  the  dominance  of  the  technological 
framing  viewpoint  is  not  simply  that  society  will  disregard  the  poetry  in 
engineering  but  that  engineers  themselves  will  fail  to  address  the  poetic 
aspect  of  their  art  and  thus  stifle  the  creative  basis  of  their  profession. 
Engineering  needs  poetic  enrichment  as  much  as  society  does. 

IV 

In  this  concluding  section,  I  should  like  to  outline  some  of  the 
limitations  of  this  article  as  I  perceive  them  and  then  summarize  my 
aspirations  about  the  effect  of  this  paper. 

This  article  has  been  devoted  to  exploring  some  aspects  of  the  value 
system  inherent  in  technology  and  the  concomitant  implications  of  the  social 
dominance  of  this  technological  framework.  This  paper  is  not  intended  as  a 
general  critique  of  modernity;  I  am  exploring  but  one  aspect  of  that 
phenomenon  which  I  feel  I  have  some  familiarity  with  and  something  to  say.  It 
certainly  does  seem  that  technology  is  occasionally  used  as  a  scapegoat  for 
other  sources  of  contemporary  problems.  A  remark  of  Leo  Marx  haunts  me  as  I 
pursue  my  interests:  he  contends  that 

the  fatalistic  idea  of  technol ogy ..  .may  be  understood  in  large 
measure  as  a  displaced  expression  of  social  and  political 
di  scontent . . .  .To  invest  a  di  s embodi  ed  enti  ty  Ti  ke  '‘the 
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Machine"  or  "technology"  with  the  power  to  determine  events  is 
a  useful  way  to  justify  disengagement  from  the  public  realm 
and  a  reversion  to  inaction  and  privacy.  (Emphasis  added.) 

(Marx,  Leo,  1980,  p.  69) 

Marx's  remarks  haunt  me  in  two  distinctly  different  ways:  1)  If  he  is  right, 
then  I  am  wrong  (something  no  one  likes  to  admit);  and  2)  If  he  is  right, 
then  there  must  be  a  fair  amount  of  "displaced  expression  of  social  and 
political  discontent,"  which  implies  that  our  society  requires  a  critical  re- 
evaluation  of  fundamental,  cherished  social  and  political  beliefs~“a  task 
which  few  people  would  approach  cheerfully. 

Presently,  my  opinion  is  that  Marx's  views,  though  incisive,  are  only 
partially  correct.  I  continue  to  think  that  technological  framing  is  a  major 
influence  on  our  society  and  the  root  of  some  of  the  problems  we  are  having. 
I  do  not  see  political  or  social  activism  as  any  sort  of  an  answer  to  these 
difficulties.  But  I  also  see  major  social  and  political  problems  which  simply 
do  not  fit  the  purview  of  my  interests  and  lie  well  beyond  the  scope  of  this 
paper. 

In  this  paper  I  have  attempted  to  develop  a  framework  by  which  engineers 
can  grasp  some  of  the  serious  critiques  of  technology  and  respond  to  these  in 
a  creative  way.  Technology  is  a  potent  force  in  our  world,  and  technologists 
need  a  more  mature  grasp  of  its  implications  than  suggested  by  the  "love  it  or 
leave  it"'  response  all  too  frequently  heard.  My  hope  is  that  this  article 
will  lead  engineers  into  serious  and  fruitful  discussions  about  technology  -- 
both  within  their  own  discipline  and  with  outsiders.  In  short,  I  hope 
technologists  become  articulate  about  technology.  By  locking  ourselves  up  in 
technical  specialities  we  are  missing  a  lot  of  fun  --  as  well  as  some  very 
pressing  issues  about  how  technology  affects  the  world  in  which  we  live. 
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ABSTRACT 

Immeasurable  technological  contribution  for  a  richer  and  longer  life  are 
increasingly  matched  by  numerous  technologically  related  social  and 
environmental  problems.  Within  this  range  of  interpretations  technology  can 
be  viewed  as  a  scapegoat  for  social  ills  or  as  a  process  of  specialization 
that  relentlessly  permeates  every  aspect  of  life  that  dominates  and  endangers 
humanity  without  providing  avenues  of  release  or  escape. 

One  can  suggest  that,  without  systematic  and  acceptable  modes  of 
analysis,  contrary  and  mutually  exclusive  "curse  and  blessing"  views  are 
likely  to  prevail  in  an  unabated  fashion,  thereby  inhibiting  genuine  dialogues 
and  potential  solutions.  In  this  paper  a  potential  path  towards  analysis  is 
advanced  as  an  exploratory  proposal.  Objectives,  limitations,  and 
characteristics  for  a  model  of  models  are  approximated  and  summarized. 

One  essential  modeling  objective  entails  assessing  prevailing  models  and 
practices.  Thus,  moderately-balanced,  onesided-extremes  or  conflicting 
dichotomies  need  to  be  reflected  impartially.  Different  orientations  would 
have  to  be  proportionally  patterned  or  contoured  without  attaching  validity, 
exempting  the  condition  of  absolute  consistency  or  completeness  (i.e.  Godel ' 
Proof).  Dynamically,  infinite  variations  from  static  equilibrium  to  extremes 
of  imbalance  are  theoretically  conceivable.  A  variable  bipolarity  is 
introduced  with  the  complemental  distinctions  of  technological  differentiation 
and  integration.  This  can  imply  that  moderate  or  pluralistic  specialization 
as  technological  differentiation  may  diverge  towards  social  fragmentation  or 
possible  disintegration.  Moderate  social  cohesion  promoted  through 
technological  integration  may  converge  towards  homogenous  conformity  or  a 
stifling  uniformity. 

These  processes,  sketched  as  preliminary  projections,  combine  descriptive 
with  vectorial  symbolism,  suitable  for  most  basic  comparisons  of  societal 
conditions.  Criteria  for  an  optimal  dynamic  and  related  subject  matters  are 
neglected  in  this,  essentially  one-dimensional  outline  reflecting  on  a  multi¬ 
dimensional  reality.  Dynamic  variations  are  delineated  in  ideographical 
format  as  "in-tensions".  Mathematical  abstractions  are  minimized  to 
elementary  notations,  although  readily  adaptable  if  supportable  by  empirical 
evidence. 

For  many,  technology  has  made  life  immeasurably  richer,  easier  and 
longer,  yet  paradoxically  the  technological  promise  for  a  better  life  is  also 
beset  with  immense  social,  environmental  and  life  endangering  problems.  The 
increasingly  negative  impact  on  society  arising  from  an  accelerating  growth  of 
technological  developments  has  been  described  and  detailed  in  many  accounts. 
Thus,  for  instance,  trends  towards  impersonal i zation  are  related  to  the  ever 
expanding  specialization  that  compels  a  relentless  transfer  of  qualitative 
conditions  of  human  endeavor  into  quantitative  procedures  and  "techniques" 
(Ellul,  Jacques,  1964).  Expanding  man-machine  interaction  is  perceived  to 
shape  human  though  and  action.  In  a  machine  and  computer  dominated  society, 
human  beings  are  seen  as  being  shaped  to  the  point  of  impersonal  and 
computerlike  functions.  Culminating  in  "Turing's  Man",  man  as  an  "information 
processor"  will  be  shown  how  to  act  rather  than  to  understand,  presenting  a 
solution  mode  that  prepares  humans  to  become  machines  rather  than  machines  to 
become  human  (Bolter,  David  J.,  1984).  Since  little  attention  is  given  to 
restraints  or  optimal  limits  (Weizenbaum,  Joseph,  1976),  these  developments 
can  be  assumed  to  progress  in  an  unimpeded  fashion.  Such  adverse 
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interpretations  suggest  a  virtual  inversion  of  the  traditionally  benevolent 
view  of  technology  as  striving  for  the  betterment  of  human  existence  and 
survi val . 

Naturally,  views  propound  such  negative  consequences  are  not  universally 
shared.  From  this  perspective  any  negative  consequences  arising  from 
technological  application,  will  eventually  be  taken  care  of,  so  to  speak,  not 
with  less  but  with  a  more  improved  technology.  Once  technology  is  permitted 
to  become  universal,  human  and  national  relationships  are  democratized  more 
rationally.  Thus  technology  should  be  viewed  not  only  as  an  instrument  for 
civilized  advancement,  but  also  as  a  potential  solution  for  many  social  ills 
(Boorstin,  Daniel  d . ,  1978)  rather  than  blaming  technology  as  an  unjustified 
and  "irrational  search  for  scapegoats"  (Florman,  Samuel  C.,  1981) 

Unfortunately,  without  an  accepted  and  systematic  mode  of  analysis, 
contrary  and  mutually  exclusive  "curse  and  blessing"  views  are  bound  to 
persist,  frequently  fluctuating  as  severe  pendulum  swings  in  common 
opinions.  In  order  to  explore  a  potential  path  towards  a  more  systematic 
analysis,  a  "model  of  models"  approach  will  be  hypothetically  formulated. 

Primarily,  technological  innovations  can  be  seen  to  evolve  from  an 
optimum  solution  analysis  determined  by  numerous,  frequently  opposing 
parameter  restraints.  Experimentation  may  take  place  by  way  of  assessment 
among  a  range  of  feasible  alternatives,  comparisons  of  cost  effective  options, 
or  pressures  imposed  by  cost-benefit  ratios.  Pardoxical ly ,  the  rigid 
application  of  an  otherwise  successful  technical  solution  mode  to  every 
problem  is  likely  to  worsen  the  very  symptoms  sought  to  be  corrected. 

In  some  way  the  outcome  of  such  an  approach  can  be  observed  in  the 
attempts  by  the  social  sciences  to  emulate  natural  science  or  technological 
solutions  that  have  been  i ntimidati ngly  effective.  But  the  lack  of 
corresponding  social  science  achievements,  apart  from  some  notable  exceptions, 
has  been  deplored  for  decades.  Hence,  the  prevailing  "dismal  science  of 
economics"  (Kuttner,  Robert,  1985),  inadequacies  of  sociology  (Sociology  on 
Trial,  1963),  and  the  poverty  of  psychology  (Koestler,  Arthur,  1980),  which 
has  been  evaluated  within  sel f -arresti ng  theoretical  entanglements  (Brandt,  L. 
Wolfgang,  1982)  Indeed,  the  suggested  modeling  projection  conjects  that  an 
exclusive  reliance  on  statistical  inference  and  significance  criteria  could 
mask  rather  than  reveal  certain  dynamic  parameters.  Those  who  argue  that  the 
social  sciences  have  been  subverted  by  the  natural  science  methods  also  have  a 
ready-made  explanation  for  the  lack  of  substantial  development. 

To  discern  such  discrepancies  more  explicitly,  one  may  attempt  to 
counterbalance  the  customary  process  of  specialization  and  deterministic 
predominance  with  opposite  and  less  familiar  ones.  Seemingly  opposed 
intentions  or  orientations  need  to  be  structurally  incorporated  within  a  model 
of  models  if  to  be  analyzable  in  general  terms.  Rati onal -paradox! cal 
conditions,  analogous  to  the  principle  of  indeterminacy  and  the  completeness 
theorem  (Nagel,  E.  and  J.R.  Newman,  1956),  require  structural  modeling  as 
well.  Since  every  coherent  mathematical  system  contains  a  premise  which  it 
cannot  define  without  contradicting  itself,  one  may  repostulate  by  analogy 
that  every  rational  and  determinant  model  also  contains  some  incoherent  or 
indeterminant  components.  The  task  of  developing  a  model  of  models  is  to 
explore  and  to  topologically  map  such  relationships.  Unique  proportional 
relations  could  be  derived  from  single  ideational  concepts,  as  well  as  from 
conflicting  models  and  practices. 

Critical  model  of  models  analysis  would  have  to  marshall  and  reflect  the 
attainable  evidence  but  without  "having  an  axe  to  grind"  to  reflect  or 
"demolish"  a  specific  position.  Instead,  such  analysis  would  literally 
encompass  all  aspects,  including  opposing  and  controversial  ones.  The 
systematic  and  legitimate  contrast  of  competing  or  contesting  models  cannot 
help  but  blunt  and  diffuse  confrontational  or  adversarial  differences  on 
scientific,  technological,  social,  and  possibly  political  issues.  Too  often, 
traditional  means  and  discourse  discredit  and  obscure  rather  than  clarify  and 
enlighten  specific  issues  in  term  of  significance  or  complexity  appropriate  to 
the  demands  of  a  technological  age. 

Just  as  human  hands  are  the  tools  of  tools,  the  mind  should  reflect  a 
concept  about  concepts.  Whether  such  modeling  is  described  as  a  concept  about 
conceptualization,  a  model  of  models,  or  in  some  related  manner  a  "psychology 
of  science"  (Maslow,  H.  Abraham,  1966)  need  not  to  be  an  immediate  concern  in 
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this  preliminary  exploration.  The  following  rationale  may  serve  as  one  of 
essential  preconditions: 

"In  one  rather  obvious  sense,  the  point  of  employing  a 
model  belongs  to  the  context  of  discovery  rather  than  to  that 
of  validation;  for  models  function  as  heuristic  devices  in 
silence."  (Rudner,  Richard  S.,  1966  p.  25) 

As  a  tentative  formulation  a  bipolar-vectorial  model  may  illustrate  its 
utility  to  depict  variable  equilibria  states.  Such  dynamic  can  range  from 
static  balance  as  technological  inaction  or  inertness  towards  an  intensified 
technological  determinism,  indeterminism,  dichotomous  dualism,  etc..  Moderate 
or  optimal  orientations  are  presumed  to  prevail  between  extremes  which  must 
remain  undefined  within  this  preliminary  outline.  Applications  have  been 
demonstrated  for  the  analysis  of  diverse  societal  pattern  and  practices 
reflecting  various  degrees  of  intermingled  individual,  competitive  and 
cooperative  variations.  Assessing  dynamic  relations  of  several  components 
that  vary  simultaneously  in  a  descriptive  manner  invokes  a  rather  demanding  if 
not  an  insurmountable  complexity.  This  difficulty  is  more  readily  manageable 
with  the  help  of  a  bipolar-vectorial  symbolism  in  ideagram  format  to 
circumvent  the  use  of  more  demanding  mathematical  abstractions.  A  summary  of 
model  of  model  objectives,  limitations  and  characteristics  is  presented  in 
Table  I  and  Table  II  (refer  to  Appendix)  with  the  important  provision  that  the 
bipolar-vectorial  method  should  be  considered  as  one  among  several  means  for 
different  implementations. 

Thus  the  comparative  modeling  approach  can  be  related  to  the  process  of 
technological  innovations  with  much  less  dependency  on  serendipity  and 

accidental  outcome.  Such  a  process  is  most  explicitly  demonstrated  by  the 
"morphological  approach"  of  discoveries  and  inventions  (Zwicky,  Fritz, 

1966).  Similarly,  conceptual  mapping  of  what  prevailed,  what  succeeded,  and 
what  is  emerging  may  also  open  up  alternatives  previously  overlooked,  or 
perhaps,  ideologically  filtered  or  blocked. 

In  approximating  variations  for  the  development  of  technology  (refer  to 
Appendix)  in  terms  of  differentiating  and  integrating  aspects,  medical 
technological  applications  can  be  singled  out  as  a  case  in  point.  The 

tremendous  acceleration  towards  medical  specialization  with  a  diagnostic 
emphasis  of  single  organs  or  systems  analysis,  could  have  readily  anticipated 
an  emerging  opposing  emphasis  in  the  form  of  an  integrating  "wholistic"  or 
holistic  medical  practice.  Regardless  of  the  specific  merits  of  each 

treatment  model  or  medical  method,  one  may  yet  note  that  the  technology  that 
can  be  made  available  for  preventive  and  self-health  care  has  been  greatly 
neglected; 


"None  of  these  potential  remedies  are  being  pursued  today  to 
any  significant  extent  in  spite  of  the  gravity  of  the  problem." 
(Bugliarello,  George,  1984,  p.98) 

Objections  to  a  potential  misuse  of  the  Model  of  model  approach  as  just 
another  "technique"  can  be  guarded  against  with  the  requirement  for  continuous 
diversification  within  integration.  Thus,  projections  for  conceptual 
unification  (Toward  Unification  in  Psychology,  1970)  or  a  unified  science 
(Snyder,  Paul,  1978)  may  appear  attractive,  but  would  become  questionable  as 
an  objective  to  attain  consistency  or  completeness.  Moreover,  while  a 
comparative  and  mul ti -vari ant  analysis  may  assess  orientations  it  would  remain 
mute  and  unable  to  specify  details  in  depth  or  with  validity.  Verifications 
of  the  mapping  of  models  would  very  much  depend  on  historical  studies  of  the 
evolution  of  ideas  and  practices.  This  requirement  has  been  given  already 
will  documented  attention  from  the  perspective  that  science  cannot  be 
understood  in  isolation  from  its  historical  context  (Kuhn,  Thomas  S.,  1970) 

A  refined  model  of  models  should  be  able  to  discern  grains  of 
inconsistencies  in  rational  systems  as  well  as  grains  of  truth  in  irrational 
ones.  Whatever  the  specific  psychological  or  motivational  nature,  the 
"nostalgia  for  the  absolute"  (Steiner,  George,  1974)  as  a  quest  for  perfect 
consistency  or  coherence  should  become  traceable.  Ideational  assertions, 
often  advanced  in  moderate  disguises,  veer  readily  in  pendulum  swings  from  an 
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absolute  determinism  to  indeterminism  or  vice  versa.  Yet  the  sel f-arresti ng 
or  self-enslaving  consequences,  whenever  differentiation  progresses  to 
fragmentation,  and  integration  to  petrification  need  not  to  be  inevitable 
(Juenger,  F.  George,  1974).  Within  extreme  poles  along  a  variant  continuum, 
one  should  ascertain  aspect  of  a  proportional  and  dynamic  balance  as  a 
precondtion  for  rational  or  optimal  developments.  In  a  modified  sense,  the 
dictum  of  antiquity  that  the  "the  enemy  of  the  good  is  the  perfect" 
(Aristotle)  can  be  reiterated,  namely,  that  the  pursuit  of  the  perfect  as 
absolute  completeness  expels  indeed  possibilities  for  moderate  integrated 
diversity. 


In  the  mature  sciences  the  prelude  to  much  discovery  and  to 
all  novel  theory  is  not  ignorance,  but  the  recognition  that 
something  has  gone  wrong  with  existing  knowledge  and  beliefs." 
(Kuhn,  Thomas  S.  1977,  p.  235) 


APPENDIX 

TABLE  I-  Approximating  Model  of  Models  Objectives  and  Limitations 

1.  OBJECTIVES: 

-provide  an  integrating  perspective  and  frame  of  reference  for  different 
models,  approximating  proportional  contours, 

-provide  a  simplified  means  to  present  the  available  and  specialized 
model  evidence  that  frequently  amasses  beyond  the  command  of  any  one 
individual , 

-typify  methodological  approaches  that  are  related,  conflicting  or 
contested  (i.e.  "option  shock"  arising  from  unmanagable  multiplicity), 

-include  provisions  for  subject  matter  that  is  in  development,  emerging 
or  potentially  feasible,  but  not  yet  sufficiently  defined, 

-counterbalance  propositions  that  are  onesided,  dichotomous  or  polarizing 
(either/or)  or  relativistic  ("value-free")  in  accordance  with  the 
incompleteness  principle, 

-compare  moderate  or  extreme  orientations  as  related  or  conflicting  models 
and  with  respect  to  neglected  options,  i.e.  identifying  what  makes 
language  pattern  congruent  (or  translatable)  and  certain  word  meanings 
incongruent  (or  understandable), 

-incorporate  provisions  for  some  interchangeability  for  linguistic, 
ideographical  and  abstract,  mathematical  terms,  i.e.  to  facilitate 
bridging  interdisciplinary  differences  among  the  natural  and  social 
sciences . 

2.  LIMITATIONS: 

-or  restraints  of  a  generalizing  model  can  be  perceived  as  related 
of  an  inherent  opposition  between  integrating  and  specialization 
capaci  ties, 

-assessing  positions  or  orientation  of  models  does  not  ascertain  validity 

-reflecting  useful  directions  cannot  provide  specific  solutions  that 
remain  subject  to  specialized  analysis, 

-ideal -typical  presentation,  cannot  be  assumed  to  be  isomorphic  but 
remain  subject  to  error  correction  and  modification  pending  of  findings 
of  actual  evidence  or  condition. 
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NOTES: 

1.  The  applied  use  of  Summary  TABLES  permit  ordering  and  accentuation  of 
opposing  principles  and  issues  but  the  lack  of  dynamic  characteristics 
imposes  also  severe  limitations:  i.e. 

(a)  presentation  of  categories  separates  and  confines  parameters  that 
require  potentially  variational  provision  along  a  continuum, 

(b)  summaries  for  (1)  moderate  and  (2)  intense  determinism  neglect 
parallel  conditions  for  indeterminism.  Bipolar  vectorial  symbolism 
corrects  such  omissions  and  establishes  symmetrical  importance, 

(c)  an  over-determined  determinism  needs  to  be  matched  in  some  form 
with  under-determined  components  which  can  be  corrected  with  ideographic 
bipolar  symbolism. 

2.  Educational  models  as  reflected  in  university  and  college  curricula  or 
reform  proposals  typically  revolve  around  objectives  demanding  more 
emphasis  on: 

(a)  well-rounded,  "encylias  disciplina",  as  humanistic  scientific 
education  or 

(b)  relevant  competencies  and  specialization  taylored  to  industrial  and 
market  place  requirements 

3.  The  problem  of  administrative  structuring  for  decentralization  or 
centralization  could  be  related  to  diverging  and  converging  technological 
developments.  Managerial  styles  may  assume  a  similar  significance  as 
outlined  by  Maccoby,  1977,  and  IEEE  Spectrum,  1984. 


TABLE  IV:  Medical  Diagnostic  Models  and  Technology  summarized  in  complemental  terms  of  Integration  and  Differentiation  as 
XiyOescrlpti ve  Categories  and  (2)  Ideographic  Bipolar  Dynamic 


250 


THE  VIRGINIA  JOURNAL  OF  SCIENCE 


Virginia  Journal  of  Science 
Volume  36,  Number  3 
Fall  1985 


Life  in  an  Alternate  Future 

John  Jackson 

College  of  Engineering 
University  of  Kentucky 
Lexington,  Kentucky 


ABSTRACT 

The  purpose  of  labor-saving  technology  is  to  reduce  labor  while 
increasing  production.  Shorter  hours  and  higher  wages  are  the  ultimate 
objectives  of  technology. 

Progress  in  this  direction  was  halted  in  1940.  In  this  year  we  entered 
an  alternate  future  characterized  by  conscientious  withdrawal  of  efficiency. 
Parkinsonian  makework,  shortfalls  in  productivity  and  catastrophic 
expenditures  by  government  agencies  in  support  of  programs  designed  to  deny 
consumer  access  to  commodities. 

Escape  from  this  alternate  future  is  possible  through  appropriate 
accommodation  to  technology.  Technology  offers  us  a  "gift  of  time". 
Acceptance  of  this  gift  will  deliver  us  from  the  "empire  of  waste". 


QUANTITATIVE  ASPECTS 


A  CENTURY  OF  PROGRESS 


Figure  1. 

The  gift  of  time  from  labor-saving  technology  marks  the  century  1840-1940.  After 
William  Green. 
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A  CENTURY  OF  PROGRESS 

Time,  a  gift  from  labor-saving  technology,  marks  the  century  1840-1940. 
Added  hours  in  the  day,  free  from  involuntary  commitments,  became  increasingly 
abundant  in  this  hundred  year  interval.  Figure  1,  traces  the  happy  course  of 
this  progress,  unique  in  history. 

Prior  to  the  Industrial  Revolution,  discretionary  time  was  extorted  from 
those  less  fortunate.  Slave  and  sweated  labor  were  made  anachronisms  by  the 
great  discovery  early  in  the  19th  century  that  mechanical  contrivances  were 
capable  of  manufacturing  time.  As  these  labor-saving  machines  became  more 
efficient,  less  time  was  consumed  in  their  operation  and  the  operator  won  even 
more  free  time.  The  negative  slope  of  this  curve  provides  a  measure  of  the 
annual  increase  in  this  efficiency. 


LIFE  IN  AN  ALTERNATE  FUTURE 


Figure  2. 

In  1940  entry  was  made  into  an  alternate  future.  This  denied  us  the  gift  of  time 
represented  by  the  dashed  line. 

LIFE  IN  AN  ALTERNATE  FUTURE 

The  annual  efficiency  increments  stopped  abruptly  in  1940.  In  this  year 
the  standard  workweek  length  was  frozen  into  law  at  40  hours.  In  this  year 
another  choice  was  possible,  as  indicated  by  the  dashed  line  of  FIG.  2.  This 
dashed  line  plots  a  hypothetical  future  in  which  the  labor  saving  machines 
would  continue  to  provide  discretionary  time  in  even  greater  increments. 

Had  we  entered  this  hypothetical  future,  we  would  not  have  lost  the  advantage 
gained  during  the  century  of  progress. 

The  disparity  between  this  hypothetical  future  and  the  alternate  future 
which  we  have  chosen  become  greater  with  each  passing  year.  This  difference 
is  graphically  represented  by  the  hatched  area  in  FIG.  2.  This  gray  area  has 
a  profound  significance.  It  represents  hours  of  work,  wasted  work.  Redundant 
work  maintains  the  40  hour  workweek  at  that  needlessly  high  level. 
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CATASTROPHIC  GROWTH 

The  fateful  significance  of  the  gray  area  becomes  clear  when  it  is 
realized  that  not  only  does  this  area  represent  redundant  wasted  man-hours  or 
work,  but  also  that  the  man  must  be  paid.  Cost  of  this  Parkinsonian  wastework 
which  is  underwritten  by  government  opens  a  serious  door  to  the  treasury. 
FIG.  3  indicates  the  impact  of  this  wastework  on  tax  revenue. 


Figure  3. 

Redundant  work  produces  catastrophic  growth  in  taxes.  Uncontrolled  growth  began 
the  year  of  entry  into  the  alternate  future,  1940. 


This  tax  curve  exhibits  catastrophic  growth  not  only  in  magnitude,  but 
rate  of  increase  as  well.  As  the  disparity  grows  between  alternate  and 
hypothetical  futures,  the  cost  of  maintaining  this  difference  constantly 
increases  and  at  an  ever  increasing  rate.  Objective  evidence  of  this  cost  is 
revealed  in  tax  structure  distortion,  exhibited  in  FIG.  3. 

THE  REMARKABLE  EQUATION 

E  =  Mc^  is  the  equation  that  transformed  the  twentieth  century.  E  =  W/T, 
in  the  next  century,  can  change  social  sciences  as  profoundly  as  physical 
science  has  been  altered  by  the  energy  equation.  It  defines  efficiency  of 
production.  Wealth  produced  per  unit  of  time  is  equal  to  efficiency.  The 
symbol  for  wealth,  or  goods  produced,  is  W.  The  unit  of  time,  hours  or  weeks, 
is  symbolized  by  T.  E  is  the  symbol  for  efficiency  or  productivity. 

Note  that  wealth  and  time  can  be  measured  in  dollars  and  hours 
respectively,  thus  dollars  per  hour  is  measured  for  ratio  W/T.  What  this 
means  is  that  productivity  can  be  measured  in  dollars  per  hour,  the  same  as 
wage  rate. 
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The  implication  of  this  remarkable  equation  is  that  productivity  is 
directly  related  to  the  wage  rate.  Note  also  that  productivity  is  inversely 
proportional  to  time.  To  increase  productivity,  reduce  the  time  devoted  to 
Parkinsonian  wastework.  Reduce  the  time  through  improved  technology. 
Reduction  in  workweek  length  by  these  means  results  in  increased  productivity. 


SHORTER  WORKWEEK--HIGHER  WAGES 

In  his  Physi cs ,  Bk.  3  Ch.  3,  Aristotle  anticipated  Newton's  Law  of  action 
and  reaction,  which  revolutionized  the  world  of  natural  science.  Say's  law, 
based  on  the  principle  of  equality  of  action  and  reaction  --  production  and 
consumption,  has  not  produced  so  salutary  an  effect  in  the  field  of 
economics.  J.  B.  Say  stated  that  the  act  of  production  creates  its  own  market 
--  production  equals  consumption.  Far  greater  attention  is  given  production, 
as  though  it  were  an  end  in  itself,  whereas  the  natural  end  of  all  production 
must  be  consumption.  Action  must  equate  to  reaction.  Productivity  must 
equate  to  wage  rate, 

A  shorter  workweek  coupled  with  higher  wages  will  increase  productivity 
and  enhance  the  standard  of  living  while  satisfying  Say's  Law.  This 
revolutionary  approach  to  surplus  management  will  ensure  orderly  markets  and 
provide  a  rational  basis  for  control  of  the  economy  in  the  interest  of  all  the 
people  --  consumer  as  well  as  producer.  Our  nation's  wealth  can  be  increased 
to  such  a  level  that  "commodities  will  be  too  cheap  to  steal",  in  the 
prophetic  words  of  Adam  Smith. 


In  his  Wealth  of  Nations,  Bk.  4  Ch.  8,  Adam  Smith 
anticipated  the  remarkable  equation  in  these  words. 

Consumption  is  the  sole  end  and  purpose  of  all  production;  and 
the  interest  of  the  producer  ought  to  be  attended  to  only  so 
far  as  it  may  be  necessary  for  promoting  that  of  the 
consumer.  The  maxim  is  so  perfectly  self-evident  that  it 
would  be  absurd  to  attempt  to  prove  it.  But  in  the  commercial 
system  the  interest  of  the  consumer  is  almost  constantly 
sacrificed  to  that  of  the  producer;  and  it  seems  to  consider 
production,  and  not  consumption,  as  the  ultimate  end  and 
object  of  all  industry  and  commerce. 


LIFE  IN  AN  ALTERNATE  FUTURE:  THE  GIFT  OF  TIME 
INTRODUCTION 


The  life  of  every  person  in  America  is  being  touched--i ntimately 
affected--by  a  peculiar  phenomenon,  over  which  they  have  no  apparent 
control:  an  ever--growi ng  level  of  government  expenditures.  Its  relentless 
expansion  is  evidence  that  it  has  a  life  of  its  own.  Our  inability  to  control 
the  growth  suggests  that  we  are  violating  a  law  of  nature  which  as  yet  we  do 
not  understand. 

It  is  perceived  that  everything  will  fall  into  its  proper  place  when  this 
natural  law  is  no  longer  violated.  This  law  is  directly  related  to  how  well 
we  accommodate  our  technology.  Einstein  spoke  of  this  unknown  law--the 
unsolved  problems — in  these  words. 


"It  is  not  enough  that  you  should  understand  about  applied 
science  in  order  that  your  work  may  increase  man's 
blessings.  Concern  for  man  himself  and  his  fate  must  always 
form  the  chief  interest  of  all  technical  endeavors,  concern 
for  the  great  unsolved  problems  of  the  organization  of  labor 
and  the  distribution  of  goods--in  order  that  the  creations  of 
our  mind  shall  be  a  blessing  and  not  a  curse  to  mankind. 
Never  forget  this  in  the  midst  of  your  diagrams  and  equations. 
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TROUBLE  AT  THE  TIME  MACHINE 

Trouble  began  when  benefits  from  the  time  machine  were  outlawed  in 
1940.  A  primitive  machine  that  manufactured  time  was  widely  used  in  1840.  A 
century  of  improvements  has  produced  the  modern  industrial  world  and  a 
significant  increase  in  time:  the  automobile,  the  telephone,  and  thirty  hours 
more  time  each  week,  free  from  involuntary  commitments.  This  gift  of  time  was 
outlawed  in  1940,  when  the  40  hour  week  was  frozen  into  law. 

Everyone  understands  that  technology  produces  Fords,  Fritos,  and  flush 
toilets;  but,  strange  to  say  few  seem  to  comprehend  that  it  produces  time  as 
well  as  goods.  This  lack  of  comprehension  among  professional  economists  was 
noted  by  Wassily  Leontief,  a  Nobel  laureate  in  economics.  He  appeared  before 
the  House  Subcommittee  on  Labor  Standards,  hearing  testimony  on  the  35  hour 
workweek.  On  the  third  day  of  the  hearing  testimony  on  H.  R.  1784  (96th 
Congress)  he  remarked,  "I  must  confess  surprise  that  none  of  the  testimony 
took  account  of  the  development  of  modern  technology,  which  is  after  all,  a 
most  powerful  force  in  our  economy,  a  dynamic  force.  One  thing  that  everybody 
knows  modern  technology  does,  it  replaces  labor  by  machinery--mechani zation, 
automation." 

Dr.  Leontief  made  these  observations  in  1979.  The  hearings  were  an 
attempt  to  resolve  a  problem  left  over  from  the  Great  Depression.  William 
Green  had  already  provided  an  appropriated  solution. 

WILLIAM  GREEN'S  APPROPRIATE  RESPONSE 

The  president  of  the  American  Federation  of  Labor,  William  Green,  was 
appalled  by  that  national  calamity,  the  Great  Depression.  In  the  depth  of 
this  disaster  he  responded, 

"This  national  calamity  is  not  entirely  due  to  business 
depression.  For  several  years  before  the  stock  crash  started 
business  downward,  unemployment  had  been  increasing.  The 
introduction  of  labor  saving  machinery  in  our  factories  and 
workshops,  our  railroads,  mines  and  farms  has  proceeded  at 
such  a  rapid  pace  that  hundreds  of  thousands  were  thrown  out 
of  work  and  found  it  exceedingly  hard  to  get  new  jobs. 
Depression  has  only  i ntensi f iedand  brought  to  public  notice  a 
problem  which  was  threatening  to  involve  millions  of  men  and 
women . 


MACHINES  INCREASE  PRODUCTIVITY 

"Never  before  in  history  has  the  world  seen  such  amazing 
and  rapid  advances  in  industrial  techniques  as  have  occurred 
here  in  the  United  States  in  the  last  ten  years.  Man's 

producing  power  per  day  in  our  manufacturing  industries  has 
increased  four  times  as  fast  in  the  ten  years  from  1919  to 
1929  as  in  the  previous  twenty  years.  Yearly  production  per 
worker  in  1929  was  49  percent  greater  than  in  1919;  in  the 
twenty  years  before,  the  gain  was  only  11  percent.  More 

patents  for  new  inventions  were  taken  out  in  the  United  States 
in  the  last  ten  years  than  in  the  whole  century  after 

Washington's  inauguration  as  President. 

"This  colossal  new  development  had  so  reduced  the  normal 
phase  of  industrial  work  that  either  work  time  had  to  be 
shortened  or  workers  had  to  be  laid  off.  Here  was  the 

greatest  chance  in  history  to  shorten  the  working  man's  hours 
of  labor  and  add  to  his  leisure.  These  new  machines  make  it 
possible  to  lift  the  burden  of  work  and  replace  it  with 
opportuni ty .  Time  for  self  development,  time  for  recreation 
and  family  life,  mental  and  physical  relaxation,  time  for 
reading  and  study--l ei sure  has  always  brought  the  release  of 
man's  creative  powers  for  higher  development.  Technical 
progress  in  industry  may  be  a  great  lifting  force  for  the 
underprivileged  in  our  entire  citizenship. 
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NOT  LEISURE  BUT  UNEMPLOYMENT 

"But  what  has  machine  development  actually  meant  thus 
far?  Not  leisure,  but  unemployment.  Not  a  chance  for  mental 
and  spiritual  upbuilding,  with  income  assured,  but  total  loss 
of  income,  with  months  of  anxiety  and  fear  while  the  worker 
sought  a  job,  then  want  and  suffering,  when  reserves  were 
spent,  undernourishment  for  himself  and  his  family,  illness, 
mental  and  physical  deterioration.  A  creative  opportunity  has 
become  a  destructive  force.  Even  in  the  prosperous  years  of 
1925  and  1926  ,  over  1,600,000  wage  earners  in  the  United 
States  were  out  of  work;  and  by  1929,  the  year  of  peak 
prosperity,  the  number  unemployed  had  grown  to  2,400,000. 


THE  30  HOUR  WEEK 

"Labor  is  keeping  its  eyes  constantly  to  the  future.  A 
century  ago,  the  movement  for  the  10-hour  day  began  before  the 
12-hour  day  was  completely  won.  Through  the  years  that 
followed  the  10-hour  strikes  of  1835,  while  unions  were 
gradually  winning  the  60-hour  week,  leaders  already  were 
looking  forward  to  the  8-hour  day.  Before  the  10-hour  day  was 
won,  the  movement  for  eight  hours  had  taken  form  and  became  a 
concerted  drive  in  1886.  In  1926,  before  all  wage  earners  had 
yet  own  the  8-hour  day,  the  drive  for  the  five-day  week 
began.  And  now,  while  the  five-day  week  is  being  established 
workers  organizations  are  already  looking  toward  the  6-hour 
day,  the  30  hour  week." 


JOHN  MAYNARD  KEYNES'  ALTERNATE  RESPONSE 

The  author  of  Keynesian  economics,  observed  the  same  national  calamity 
and  made  this  assessment,  "It  seems  an  extraordinary  imbecility  that  this 
wonderful  outburst  of  productive  energy  should  be  the  prelude  to 
impoverishment  and  depression." 

Green's  response  called  for  acceptance  of  the  give  of  time,  a  sharing  of 
work--and  wealth.  Keynes  refused  to  give  of  time.  He  proposed,  instead, 
vastly  expanded  investments  to  fill  the  available  worktime  with  projects. 
Should  private  investment  prove  inadequate,  tax  revenue  must  then  be  used. 

The  alternate  response  of  Keynes  was  favored  over  that  of  Green.  Today, 
we  are  fifty  years  down  the  road  of  Keynesian  economics,  which  holds  that  a 
legitimate  use  of  tax  revenue  is  to  support  the  economy  thus  preventing  a 
relapse  into  impoverishment  and  depression.  Today,  as  a  result  nearly  half 
the  salaries,  welfare,  and  other  income  flows  from  some  agency  of 
government.  It  is  estimated  that  before  the  end  of  this  decade,  half  the 
income  will  be  taxed  away. 

The  options  available  fifty  years  ago  are  well  represented  by  the  views 
of  Green  and  Keynes.  The  future  proposed  by  Green  was  one  of  short  hours, 
high  productivity,  low  prices,  low  taxes.  The  alternate  future,  based  on 
Keynesian  economics,  is  the  one  we  chose.  Instead  of  short  hours  and  low 
prices,  we  have  long  hours  and  high  taxes.  Such  is  life  in  an  alternate 
future . 


CHARLES  SfEINMETZ  AND  THE  16  HOUR  WEEK 

Charles  Steinmetz  was  the  engineering  genius  who  gave  us  the  General 
Electric  Company  as  we  know  it  today.  His  textbooks  taught  men  how  to  become 
electrical  engineers.  He  made  alternating  current  power  practical  through  his 
research  in  machine  efficiency.  Having  done  all  this  he  chose  to  teach  men 
how  to  make  their  lives  more  efficient.  Improving  the  efficiency  of  life  is 
the  subject  of  this  important  man's  most  significant  book,  Ameri ca  and  the  New 
Epoch .  It  was  written  during  the  First  World  War.  He  was  appalled  at  the 
waste,  and  calculated  that  without  the  waste  of  war  a  16  hour  workweek  would 
be  practical.  Here  is  a  page  from  his  book. 
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"One  hundred  years  ago  the  average  workday  was  ten  to 
eleven  hours.  Now  it  is  eight  to  nine  hours.  It  has 
decreased  about  20  percent.  The  productivity  of  work  in  these 
hundred  years,  by  the  steam-engine  and  the  infinite  number  of 
inventions  and  improvements  following  it,  has  increased  at 
least  ten-fol d--probably  more  nearly  twenty-  to  thirty-fold, 
but  for  illustration  let  us  assume  only  a  ten-fold  increase. 

Thus  with  only  an  average  of  one  hour's  work  during;  the  day 
we  could  now  produce  as  much  as  we  did  in  ten  hours,  a  hundred 
years  ago,  and  could  live  in  the  same  manner,  with  the  same 
standard  of  living  which  satisfied  us  a  hundred  years  ago,  by 
working  only  one  hour  per  day.  But  we  have  realized  on  the 
increased  productivity  of  man,  not  by  a  reduction  of  the  hours 
of  labor,  but  by  an  increase  of  consumption  of  commodities. 

In  short,  we  are  getting  the  benefit  by  receiving  many  more 
commodities--eight  to  ten  times  as  much  as  satisfied  us  a 
hundred  years  ago-but  not  by  working  much  shorter  hours.  But 
is  this  abnormal  increase  of  consumption,  which  in  spite  of 
the  enormous  increase  of  productivity  requires  almost  the  same 
working-hours,  desirable,  or  is  it  even  desired?  Is  it  not  to 
a  large  extent  artificial  and  unnatural,  fostered  by  the 
producers?  A  considerable  part  of  the  world's  work  of  today 
is  not  production,  but  is  advertising,  selling,  and  all  those 
activities  which  essentially  aim  to  increase  the  production  by 
stimulating  demand  where  it  did  not  exist.  By  these 
artificial  means  the  consumption  has  been  increased  to  keep  up 
with  the  production  at  the  old  rate  of  working-hours. 

"Suppose  now  we  should  discontinue  consumption  of  things 
we  never  cared  for  until  somebody  persuaded  us  to  their  use 
and  be  satisfied  with  only  four  to  five  times  the  commodities 
with  which  we  got  along  one  hundred  years  ago;  this  would  give 
a  four-hour  workday.  But  the  elimination  of  all  the  work  in 
making  us  use  more  than  we  have  the  inclination  to  use,  by 
advertising,  selling,  etc.,  the  elimination  of  obvious  waste 
and  inefficiency,  of  duplication  of  production,  etc.,  would 
still  further  materially  reduce  the  work  of  the  world,  so 
that,  even  without  discounting  the  improvements  and  inventions 
which  are  continuously  being  made,  we  can  see  a  world  with  a 
standard  of  living  fully  as  satisfactory  as  ours,  but  working 
only  four  hours  a  day,  only  two-hundred  days  during  the  year-- 
that  is,  taking  a  week  or  two  for  recreation  at  every  holiday, 
and  two  months'  vacation  in  summer. 

"This  is  far  away,  but  it  is  no  idle  dream,  for  we  only 
need  to  look  across  the  water,  toward  war-torn  Europe,  and  we 
can  see  conditions  which,  with  the  waste  of  war  removed,  would 
not  be  far  different  from  the  above.  While  the  entire  world 
is  called  upon  to  feed  and  supply  the  Allies  during  this  war, 
the  blockaded  Central  Powers  feed  and  supply  themselves  and 
get  along  fairly  successfully,  as  far  as  we  can  see,  and  what 
little  trouble  there  is  due  to  imperfections  of  the  new 
organization  rather.  But  if  we  allow  for  the  millions  of 
producers  who  are  kept  in  productive  idleness  in  the  armies, 
and  supported  by  the  best  the  nations  has  in  food,  physical 
and  medical  supervision,  the  other  millions  wasting  their 
energy  in  unproductive  work  in  making  ammunition  and  war 
materials,  subtract  the  mass  of  products  consumed  by  these 
unproductive  elements,  the  consumption  of  the  peaceful  part  of 
the  nation  certainly  amounts  to  materially  less  than  four 
hours  per  day  productivity.  Thus,  under  better  skies,  the 
same  organization  of  production  and  elimination  of  waste  would 
make  the  above  dream  a  reality." 

BERTRAND  RUSSELL  AND  THE  4  HOUR  DAY 

Many  well  known  engineers  and  scientists  agree  with  Steinmetz  concerning 
the  benefits  of  laborsaving  technology.  Bertrand  Russell,  British 
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mathematician  and  philosopher,  estimated  that  if  waste  were  eliminated  an 
average  of  four  hours  work  per  day  would  be  sufficient.  According  to 
Buckmi nster  Ful  1 er, 

"it  seems  that  one  reasonable  object  of  automation  is  to 
create  unemployment.  In  1919,  C.  H.  Douglas  calculated  that 
three  hours'  work  a  day  for  adults  between  the  ages  of 
eighteen  and  forty  should  supply  all  Englishmen's 
necessities.  Douglas  was  an  engineer;  Frederick  Soddy  was  a 
Nobel  laureate  chemist;  Ezra  Pound  and  Gorham  Munson  were  men 
of  letters.  Each  of  them  in  mid-life  became  convinced  that 
economic  reality  was  about  as  we  have  outlined  it. 
Encyclopedias  do  not  give  a  line  to  their  economic  insights." 

Fuller's  concluding  observation  is  a  significant  indictment  of  cultural 
bias  which  leads  to  impotence  and  inaction.  It  should  not  be  overlooked. 

QUEEN  VICTORIA'S  RESPONSE  TO  THE  INDUSTRIAL  REVOLUTION 

Hearing  of  hardships  caused  by  steam  power  and  the  new  technology.  Queen 
Victoria  empaneled  a  Parliamentary  commission  to  inquire  into  the  urgent 
social  problems  created  by  the  new  machines.  The  year  was  1834.  Handloom 
weavers  petitioned  Parliament  for  protection  from  the  monstrous  steam  powered 
looms.  A  Mr.  Paley  testified  that  "machinery  has  come  like  a  destroying  angel 
and  has  cut  off  his  hands  and  permitted  the  individual  to  starve  by  inches." 
On  the  subject  of  taxes,  a  Mr.  Marshall  commented  that  the  new  technology  "by 
its  annihilation  of  all  the  domestic  operations  of  carding,  spinning,  weaving, 
etc.,  in  the  rural  districts,  has  led  to  an  increase  of  parochial  taxation 
from  2,000,000  pounds  to  upwards  of  8,000,000  pounds  per  annum." 

To  compensate  for  the  social  effects  of  technology  it  is  necessary  for 
the  government  to  spend  money.  According  to  further  testimony,  "the  steam 
engine  was  the  first  great  cause  of  that  extraordinary  and  unparalleled 
development  of  power  which  Great  Britain  has  progressively  evidenced  since 
1786  when  it  first  began  to  show  itself.  It  sustained  a  war  of  20  year's 
duration  and  an  increase  of  20,000,000  pounds  per  annum  of  annuities  which  the 
war  gave  rise  to;  which  increase  of  annuities,  so  far  from  being  seen  to  be  a 
burden,  when  all  the  interests  of  the  empire  are  viewed  in  combination,  and  in 
due  relation  to  each  other,  will  be  seen  to  be  an  indispensable  part  of  the 
combination,  and  necessary  as  a  compensating  lever  to  the  extraordinary  force 
of  the  mechanical  power." 

How  modern  are  these  problems!  Even  at  the  birth  of  the  industrial  age, 
machines  brought  with  them  high  taxes  and  unemployment.  Machines  supported 
better  wars  and  bigger  taxes.  The  concluding  bit  of  testimony  is 
illuminating:  the  disbursement  of  tax  revenue  is  necessary  to  compensate  for 
the  extraordinary  productivity  of  machines.  Even  then  as  now. 

THOMAS  MORE  AND  THE  6  HOUR  DAY 

So  early  as  the  Renaissance  that  man  for  all  seasons,  Sir  Thomas  More, 
saw  the  need  for  shorter  hours.  When  work  is  shared,  no  one  must  shoulder 
another  man's  burden.  Here  are  More's  own  words  from  the  Utopia,  were  he 
justifies  the  six  hour  day. 

"consider  the  great  company  of  idle  priests,  and  of  those  that 
are  called  religious  men:  add  to  these  all  rich  men,  chiefly 
those  that  have  estates  inland,  who  are  called  noblemen  and 
gentlemen,  together  with  their  families,  made  up  of  idle 
persons,  that  are  kept  more  for  show  than  use;  add  to  these, 
all  those  strong  and  lusty  beggars,  that  go  about  pretending 
some  disease,  in  excuse  for  their  begging;  and  upon  the  whole 
account  you  will  find  that  the  numbers  of  those  by  whose 
labors  mankind  is  supplied,  is  much  less  than  you  perhaps 
imagined.  Then  consider  how  few  or  those  that  work  are 
employed  in  labors  that  are  real  service;  for  we  who  measure 
all  things  by  money,  give  rise  to  many  trades  that  are  both 
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vain  and  superfluous,  and  serve  only  to  support  riot  and 
luxury.  For  if  those  who  work  were  employed  only  in  such 
things  as  the  conveniences  of  life  required,  there  would  be 
such  an  abundance  of  them,  that  the  prices  of  them  would  sink, 
that  tradesman  could  not  be  maintained  by  their  gains;  if  all 
those  who  labor  about  useless  things,  were  set  to  more 
profitable  employments,  and  if  all  they  that  languish  out 
their  lives  in  sloth  and  idleness,  every  one  of  whom  consumes 
as  much  as  any  two  of  the  men  that  are  at  work,  were  forced  to 
labor,  you  may  easily  imagine  that  a  small  proportion  of  time 
would  serve  for  doing  all  that  is  either  necessary, 
profitable,  or  pleasant  to  mankind,  especially  while  pleasure 
is  kept  within  its  due  bounds." 

Thomas  More  anticipated  Steinmetz  by  four  hundred  years.  More  called  for 
a  6  hour  day,  Steinmetz  for  4.  We  are  nearly  five  hundred  years  overdue  for 
the  6  hour  day.  With  prescience  born  of  genius.  More  perceived  the  relation 
between  waste  and  long  hours.  Reduce  one  and  the  other  disappears! 

LIFE  IN  AN  ALTERNATE  FUTURE:  EMPIRE  OF  WASTE 
INTRODUCTION 

Without  waste  an  empire  cannot  be  great.  This  was  the  thesis  of  a  book 
subtitled  Private  Vices,  Public  Benefits,  by  Bernard  Mandeville,  a  British 
physician.  It  was  written  in  the  century  made  famous  by  Thomas  Jefferson,  who 
himself  had  an  opinion  on  waste.  "If  we  can  prevent  the  government  from 
wasting  the  labor  of  the  people,  under  the  pretence  of  caring  for  them,  they 
will  be  happy",  said  Jefferson. 

The  battle  line  was  drawn,  the  empire  of  waste  arrayed  against  the 
revolutionary  conservationist.  Mandeville  spoke  of  the  British  Empire. 
Today,  America  is  a  nation  based  on  waste,  with  nearly  half  its  income  used  to 
support  the  operations  of  the  government. 

Such  intrusion  of  government  into  private  affairs  is  clearly  contrary  to 
the  principles  on  which  this  nation  was  founded,  and  fosters  a  spirit  of 
dependency.  Every  department  and  agency  of  this  great  nation  devotes  a 
portion  of  its  energy  to  promoting  waste  and,  worse,  dependency.  The 
Department  of  Agriculture,  for  example,  spent  $36  billion  in  1982,  while  the 
net  farm  income  was  only  $22  billion.  Waste  finds  expression  in  programs 
designed  to  divert  surplus  and  thus  keep  consumer  prices  high.  High  prices 
introduce  many  to  the  dole  and  dependency. 

In  modern  industrial  nations,  the  conscious  imposition  of  waste  as  an 
instrument  of  statecraft  is  an  absolute  necessity.  The  efficiency  of 
contemporary  technology  has  increased  to  such  a  pitch  that  markets  would 
collapse  under  a  burden  of  surplus  were  farm  produce  not  diverted  and 
factories  run  at  less  than  full  capacity. 

To  finance  these  government  sponsored  exercises  in  waste,  new  sources  of 
tax  revenue  are  urgently  sought.  Each  new  breakthrough  in  technological 
efficiency  calls  for  ever  more  creative  forms  of  waste  and  ever  higher  levels 
of  taxation. 


DENNIS  GABOR  ON  PROFLIGATE  WASTE 

Nobel  laureate  Dennis  Gabor,  a  British  physicist,  saw  three  great  threats 
to  the  future  of  mankind,  the  population  bomb,  a  nuclear  holocaust,  and  an 
inappropriate  response  to  labor-saving  technology.  He  realized  that  a  society 
based  on  profligate  waste  must  come  to  an  unhappy  end.  For  survival  he  urged 
that  increased  discretionary  time,  free  from  involuntary  commitments,  be 
substituted  for  waste.  Technology  promises  a  land  of  milk  and  honey.  Gabor 
explored  the  conditions  under  which  man  could  gain  access  to  this  Promised 
Land. 


"Moses  showed  the  Promised  Land  to  his  people,  but  then  he  led 
them  around  for  forty  years  in  the  wilderness,  until  a  new 
generation  had  grown  up,  worthy  of  it.  Forty  years  appears  as 
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a  not  unreasonable  estimate  for  educating  a  new  generation, 
which  can  live  in  leisure,  but  we  must  find  a  better 
equivalent  of  the  "wilderness".  We  have  only  to  look  around 
us  to  see  that  it  has  been  found,  by  the  instinctive  wisdom  of 
the  social  body.  To  put  it  crudely  it  is  unnecessary  work  and 
waste.  It  is  not  a  new  invention.  General  Cavaignac 
practised  it  in  1848.  When  after  the  Paris  revolution  there 
was  dangerous  unrest  and  unemployment  among  the  workmen,  he 
had  ditches  dug  by  one  gang  and  had  them  filled  by  another 

gang.  The  invention  is  not  new,  but  it  has  been  greatly 
proved.  In  one  of  its  modern  forms  it  is  known  as  Parkinson's 
Law,  the  proliferation  of  bureaucracy,  where  anybody  at  a  desk 
can  always  give  work  to  somebody  at  another  desk,  whether  the 
paperwork  covers  productive  work  or  not.  The  waste  aspect  has 
been  made  popular  by  Thorstein  Veblen  and  by  Vance  Packard. 

It  is  not  by  accident  that  these  authors  have  written  with  a 
smile,  though  a  grim  smile;  this  is  the  way  of  writing  on 

serious  matters  which  one  cannot  help.  It  was  Parkinson's  Law 
which  has  so  far  avoided  serious  economic  upsets  in  the 
advanced  countries,  a  repetition  on  a  much  larger  scale  of  the 
slump  of  the  thirties,  and  we  shall  not  be  able  to  do  without 
it  economically  for  some  time.  Nor  can  we  do  without  it 

psychologically,  with  the  present  generation  which  has  been 

brought  up  on  the  the  Gospel  of  Work.  Compulsory  work  is  on 
the  way  out,  but  compul si ve  work  will  have  to  stay  with  us 
until  a  new  generation  grows  up,  for  whom  there  will  be  no 
sharp  limit  between  work  and  play." 

So,  there  it  is:  our  cultural  bias--the  Gospel  of  Work---denies  access  to 
the  Gift  of  Time  promised  by  labor-saving  technology.  It  is  ironic  that  the 
onerous  burden  of  waste  imposed  by  this  bias,  this  myopic  dedication  to  the 
Gospel  of  Work,  is  the  integument  which  holds  together  the  industrial  world 
while  awaiting  rational  acceptance  of  technology's  proper  role.  Gabor  warns, 
however,  that  waste  as  a  counterpoise  to  technology  can  lead  to  collapse  if  we 
wait  too  long.  This  warning  is  twenty  years  old:  cracks  in  the  system  are 
beginning  to  show. 

THE  WASTE  MAKERS 

Gabor  has  mentioned  three  men,  Veblen,  Parkinson  and  Packard.  Each  has 
detailed  how  the  world  as  we  know  it  could  not  survive  without  waste.  Vance 
Packard,  a  contemporary  American  writer,  described  our  devotion  to  waste  in 
his  book  The  Waste  Makers.  With  more  than  a  touch  of  sarcasm  he  tells  of 
Cornucopia  City,  the  city  of  the  future  designed  to  facilitate  America's 
ultimate  goal:  waste. 

"In  Cornucopia  City,  as  I  understand  it,  all  the  buildings 
will  be  made  of  a  special  papier-mache.  These  houses  can  be 
torn  down  and  rebuilt  every  spring  and  fall  at  housecleaning 
time.  The  motorcars  of  Cornucopia  will  be  made  of  lightweight 
plastic  that  develops  fatigue  and  begins  to  melt  if  driven 
more  than  four  thousand  miles.  Owners  who  turn  in  their  old 
motorcars  at  the  regular  turn-in  dates--New  Year's,  Easter, 
Independence  Day,  and  Labor  Day--will  be  rewarded  with  a  one- 
hundred-doll  ar  United  States  Prosperity-Through-Growth  Bond 
for  each  motorcar  turned  in.  And  a  special  additional  bond 
will  be  awarded  to  those  families  able  to  turn  in  four  or  more 
motorcars  at  each  disposal  date. 

One  fourth  of  the  factories  of  Cornucopia  City  will  be 
located  on  the  edge  of  a  cliff,  and  the  ends  of  their  assembly 
lines  can  be  swung  to  the  front  or  rear  doors  depending  upon 
the  public  demand  for  the  product  being  produced.  When  demand 
is  slack,  the  end  of  the  assembly  line  will  be  swung  to  the 
rear  door  and  the  output  of  refrigerators  or  other  products 
will  drop  out  of  sight  and  go  directly  to  their  graveyard 
without  first  overwhelming  the  consumer  market." 
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THE  LAW  OF  WASTE 

If  the  20th  century  can  be  said  to  have  a  Prophet,  that  man  must  be  Cyril 
Northcote  Parkinson,  sometime  Raffles  Professor  of  History,  and  currently 
squire  of  the  Isle  of  Guernsey.  It  is  to  Professor  Parkinson  that  we  are 
indebted  for  that  law  of  waste,  inefficiency  and  redundancy  which  describes 
how  industrial  nations,  despite  their  labor-saving  technology,  are  able  to 
maintain  full  employment  devoted  to  meaningless,  protracted  redundant  work 
which  proliferates  to  fill  the  hours,  weeks  and  years  of  our  brief  lives.  Let 
Parkinson,  himself,  tell  you  of  Parkinson's  Law. 


"Work  expands  so  as  to  fill  the  time  available  for  its 
completion.  The  thing  to  be  done  swells  in  importance  and 
complexity  in  a  direct  ratio  with  the  time  to  be  spent.  This 
fact  is  widely  recognized,  but  less  attention  has  been  paid  to 
its  wider  implications,  more  especially  in  the  field  of  public 
administration.  Politicians  and  taxpayers  have  assumed  (with 
occasional  phases  of  doubt)  that  a  rising  total  in  the  number 
of  civil  servants  must  reflect  a  growing  volume  of  work  to  be 
done.  Cynics,  in  questioning  this  belief,  have  imagined  that 
the  multiplication  of  officials  must  have  left  some  of  them 
idle  or  all  of  them  able  to  work  for  shorter  hours.  But  this 
is  a  matter  in  which  faith  and  doubt  seem  equally  misplaced. 
The  fact  is  that  the  number  of  the  officials  and  the  quantity 
of  the  work  are  not  related  to  each  other  at  all.  The  rise  in 
the  total  of  those  employed  is  governed  by  Parkinson's  Law  and 
would  be  much  the  same  whether  the  volume  of  the  work  were  to 
increase,  diminish,  or  even  disappear.  The  importance  of 
Parkinson's  Law  lies  in  the  fact  that  it  is  a  law  of  growth 
based  upon  an  analysis  of  the  factors  by  which  that  growth  is 
control  led. 

No  attempt  has  been  made  to  inquire  whether  departments 
ought  to  grow  in  size.  Those  who  hold  that  this  growth  is 
essential  to  gain  full  employment  are  fully  entitled  to  their 
opinion.  Those  who  doubt  the  stability  of  an  economy  based 
upon  reading  each  other's  minutes  are  equally  entitled  to 
theirs.  It  would  probably  be  premature  to  attempt  at  this 
stage  any  inquiry  into  the  quantitative  ratio  that  should 
exist  between  the  administrators  and  the  administered. 
Granted,  however,  that  a  maximum  ratio  exists,  it  should  soon 
be  possible  to  ascertain  by  formula  how  many  years  will  elapse 
before  that  ratio,  in  any  given  community,  will  be  reached. 
The  forecasting  of  such  a  result  will  again  have  not  political 
value.  Nor  can  it  be  sufficiently  emphasized  that  Parkinson's 
Law  is  a  purely  scientific  discovery,  inapplicable  except  in 
theory  to  the  politics  of  the  day.  It  is  not  the  business  of 
the  botanist  to  eradicate  the  weeds.  Enough  for  him  if  he  can 
tell  us  just  how  fast  they  grow." 


What  Newton's  laws  have  done  for  physics  Parkinson's  Law  has  done  for 

sociology.  A  society  based  on  waste  has  been  supplied  with  an  objective 

formulation  of  its  fundamental  mode  of  operation.  This  law  makes  possible 

prediction  of  the  metastatic  growth  experienced  by  industrial  nations,  a 

growth  which  must  continue  until  Gabor's  fond  hope  is  realized. 


THE  CONSCIENTIOUS  WITHDRAWAL  OF  EFFICIENCY 

Thorstein  Veblen  was  the  third  author  mentioned  by  Gabor.  This  eccentric 
American  economist  invented  the  term  "conspicuous  consumption"  to  characterize 
a  trivial  but  particularly  ostentatious  form  of  waste.  Far  more  pervasive  is 
a  type  of  waste  which  is  incorporated  in  the  basic  structure  of  the  economic 
system.  For  this  Veblen  used  the  phrase  "conscientious  withdrawal  of 
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efficiency"  and  a  word  with  the  same  significance  "sabotage".  Veblen  speaks 
of  sabotage. 


Sabotage,  accordingly,  is  not  to  be  condemned  out  of 
hand,  simply  as  such.  There  are  many  measures  of  policy  and 
management  both  in  private  business  and  in  public 
administration  which  are  unmistakable  of  the  nature  of 
sabotage  and  which  are  not  only  considered  to  be  excusable, 
but  are  deliberately  sanctioned  by  statute  and  common  law  and 
by  the  public  conscience.  Many  such  measures  are  quite  of  the 
essence  of  the  case  under  the  established  system  of  law  and 
order,  the  common  good.  It  should  not  be  difficult  to  show 
that  the  common  welfare  in  any  community  which  is  organized  on 
the  price  system  cannot  be  maintained  without  a  salutary  use 
of  sabotage--that  is  to  say,  such  habitual  recourse  to  delay 
and  obstruction  of  industry  and  such  restriction  of  output  as 
will  maintain  prices  at  a  reasonable  profitable  level  and  so 
guard  against  business  depression.  Indeed,  it  is  precisely 
considerations  of  this  nature  that  are  now  engaging  the  best 
attention  of  officials  and  business  men  in  their  endeavors  to 
tide  over  a  threatening  depression  in  American  business  and  a 
consequent  season  of  hardship  for  all  those  persons  whose  main 
dependence  is  free  income  from  investments. 

"Without  some  salutary  restraint  in  the  way  of  sabotage 
on  the  productive  use  of  the  available  industrial  plant  and 
workmen,  it  is  altogether  unlikely  that  prices  could  be 
maintained  at  a  reasonable  profitable  figure  for  any 
appreciable  time.  A  business-like  control  of  the  rate  and 
volume  of  output  is  indispensable  for  keeping  up  a  profitable 
market,  and  a  profitable  market  is  the  first  and  unremitting 
condition  of  prosperity  in  any  community  whose  industry  is 
owned  and  managed  by  business  men.  And  the  ways  and  means  of 
this  necessary  control  of  the  output  of  industry  are  always 
and  necessarily  something  in  the  nature  of  sabotage-^somethi ng 
in  the  way  of  retardation,  restriction,  withdrawal, 
unemployment  of  plant  and  workmen--whereby  production  is  kept 
short  of  productive  capacity. 

"The  mechanical  industry  of  the  new  order  is  inordinately 
productive.  So  the  rate  and  volume  of  output  have  to  be 
regulated  with  a  view  to  what  the  traffic  will  bear--that  is 
to  say,  what  will  yield  the  largest  net  return  in  terms  of 
price  to  the  business  men  who  manage  the  country's  industrial 
system.  Otherwise  there  will  be  "over-production,"  business 
depression,  and  consequent  hard  times  all  around. 
Overproduction  means  production  in  excess  of  what  the  market 
will  carry  off  at  a  sufficiently  profitable  price.  So  it 
appears  that  the  continued  prosperity  of  the  country  from  day 
to  day  hangs  on  a  "conscientious  withdrawal  of  efficiency"  by 
the  business  men  who  control  the  country's  industrial 
output.  They  control  it  all  for  their  own  use,  of  course,  and 
their  own  use  means  always  profitable  price. 

"In  any  community  that  is  organized  on  the  price  system, 
with  investment  and  business  enterprise,  habitual  unemployment 
of  the  available  industrial  plant  and  workmen,  in  whole  or  in 
part,  appears  to  be  the  indispensable  condition  without  which 
tolerable  conditions  of  life  cannot  be  maintained.  That  is  to 
say,  in  no  such  community  can  the  industrial  system  be  allowed 
to  work  at  full  capacity  for  any  appreciable  interval  of  time, 
on  pain  of  business  stagnation  and  consequent  privation  for 
all  classes  and  conditions  of  men.  The  requirements  of 
profitable  business  will  not  tolerate  it.  So  the  rate  and 
volume  of  output  must  be  adjusted  to  the  needs  of  the  market, 
not  to  the  working  capacity  of  the  available  resources, 
equipment  and  man  power,  nor  to  the  community's  need  of 
consumable  goods." 
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This  quotation  is  from  his  Engineers  and  the  Price  System,  published 
shortly  after  the  First  World  War  at  a  time  when  the  waste  of  war  no  longer 
provided  a  bottomless  pit  for  factory  production.  Waste  as  a  proper 
accommodation  to  technology  felt  the  bite  of  Veblen's  sarcasm. 

A  CONSPIRACY  OF  SILENCE 

These  voices  of  authority,  from  Jefferson  to  Parkinson,  strange  to  say 
seemingly  fall  on  deaf  ears.  When  the  subject  of  wasted  labor  is  broached,  it 
is  as  though  one  spoke  into  a  vacuum. 

This  strange  phenomenon  derives  from  obeisance  to  the  work  ethic  and  the 
inability  to  comprehend  proper  uses  of  technology.  In  Smal 1  i s  Beauti f ul , 

E.  F.  Schumacher  describes  this  phenomenon  in  these  words, 

"That  soul -destroying  meaningless,  mechanical,  monotonous, 
moronic  work  is  an  insult  to  human  nature  which  must 
necessarily  and  inevitably  produce  either  escapism  or 
aggression,  and  that  no  amount  of  "bread  and  circuses"  can 
compensate  for  the  damage  done--these  are  facts  which  are 
neither  denied  nor  acknowledged  but  are  met  with  an 

unbreakable  conspiracy  of  si  1 ence--because  to  deny  them  would 
be  too  obviously  absurd  and  to  acknowledge  them  would  condemn 
the  central  preoccupation  of  modern  society  as  a  crime  against 
humanity." 

A  crime  against  humanity.  This  is  Schumacher's  indictment  of  a  system  which 
invalidates  the  gains  of  technology  by  the  agency  of  redundant  work. 

CONCLUSION 

Because  of  the  inability  to  accommodate  technology  in  an  efficient 
manner,  the  industrial  west  is  faced  with  two  crises,  taxation  and 
unemployment.  A  bill  defeated  in  the  96th  Congress,  H.  R.  1784,  would  have 
made  a  step  toward  resolving  both  problems.  It  proposed  subtracting  five 
hours  from  the  40  hour  workweek.  Senator  Hugo  Black,  who  gave  us  our  40  hour 
workweek  40  years  ago,  had  originally  proposed  a  30  hour  week.  In  pleading 
for  a  sharing  of  work  he  said, 

"The  United  States  Government  has  fed  millions  of  hungry 
people  and  supplied  them  with  warmth  and  shelter.  Today  more 
than  20  million  American  citizens  receive  Government  relief." 

These  words  were  addressed  to  a  national  radio  audience  in  1935.  It  is 
ironic  that  today,  an  even  greater  number  of  Americans  receive  Government 
rel i ef . 

In  the  radio  address.  Senator  Black  concluded, 

"This  government  must  decide  between  a  permanent  government 
dole  and  a  shorter  work  week.  In  order  to  sustain  the  manhood 
and  womanhood  of  this,  country  in  accordance  with  our  best 
traditions,  I  favor  work  in  preference  to  the  humiliating 
dole." 

Supreme  Court  Justice  Hugo  Black,  while  senator  from  Alabama,  gave  us  a 
formula,  an  algorithm,  for  independence.  He  spoke  in  the  great  tradition  of 
independence  which  flourished  in  the  13th  century--! ndependence  based  on  the 
principle  of  having  as  few  persons  as  possible  live  upon  others.  We  live, 
instead,  in  an  alternate  future  where  both  time  and  taxes  are  dedicated  to  the 
pursuit  of  wasted  work.  We  live  in  an  empire  of  waste. 
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ABSTRACT 

The  advent  of  microelectronics  is  rapidly  and  irreversibly  leading  to  a 
major  and  fundamental  transformation  of  western  society,  with  implications  not 
only  for  the  nature  and  organization  of  the  economic  infrastructure,  but  also 
for  the  quality  of  life,  social  organizations,  and  relationships  among 
individuals,  private  institutions,  and  governments. 

An  information  society  will  test  and  challenge  traditional  values  and 
norms  related  to  work,  especially  work  as  a  means  of  meeting  material  and 
financial  goals;  an  information  society  will  involve  a  restructuring  of  the 
very  concept  of  work  and  of  the  relationships  between  skilled  and  unskilled 
workers. 

The  advent  of  an  information  society  will  bring  about  widely  divergent 
changes  in  the  kinds  and  range  of  goods  and  services  being  produced,  marketed, 
and  consumed,  and  of  their  costs  relative  to  traditional  goods  and  services; 
this  will  place  new  demands  on  industry  while  requiring  a  major  reorientation 
of  workers,  institutions,  and  physical  plants  and  production  technologies. 

Although  the  transition  to  an  information  society  will  make  the 
management  of  information  required  for  commercial,  industrial,  consumer,  and 
bureaucratic  processes  more  efficient,  it  will  also  present  very  serious 
threats  to  personal  and  corporate  privacy,  which  will  require  increasingly 
sophisticated  legislative,  regulatory,  and  technological  safeguards; 
information  technologies  also  raise  the  fundamental  question  of  a  possible 
change  in  longstanding  notions  of  personal  privacy. 

Whereas  the  industrial  revolution  appears  to  have  been  about  the 
substitution  of  machines  for  human  and  animal  labour,  information  technologies 
can  be  used  to  do  many  activities  that  formerly  required  human  intelligence. 
Thus  recent  developments  in  the  field  of  "artificial  intelligence"  signal 
continued  and  profound  changes  in  our  relationship  to  machines  and  technology, 
demonstrate  future  potential  for  continued  reshaping  of  the  nature  and  meaning 
of  work,  and  raise  fundamental  philosophical  and  practical  questions  as  to  the 
nature  of  intelligence,  consciousness,  and  the  nature  and  place  of  our  species 
in  the  universe. 
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ABSTRACT 

We  define  the  work-free  society  to  be  a  national  entity  where  less  than 
5%  of  the  equivalent  full-time  (35  hours/week)  employable  population  is 
necessary  for  the  direct  production  of  basic  utilitarian  goods  at  present 
levels  of  individual  consumer  consumption.  The  impetus  that  will  drive  this 
country  to  the  status  of  a  work-free  society  will  be  the  perceived  need  to 
compete  in  the  international  marketplace.  The  current  state-of-the-art  in 
computer-driven  automation  of  factory  production  and  intelligent  machines  for 
the  provision  of  services,  using  reasonable  projections,  will  bring  the 
economy  of  high-technology  nations,  such  as  the  United  States,  to  such 
capabilities  within  several  decades.  However,  such  a  condition  is 
fundamentally  incompatible  with  current  economic  structures,  the  social 
organization  of  national  society  and  its  relations  with  other  nations,  and  the 
defacto  political  relations  dominant  in  this  country.  Because  of  these 
revolutionary  rather  than  evolutionary  tendencies,  resolutions  may  be 
attempted  that  turn  the  economy  more  towards  an  inefficient  military  system 
that  is  characterized  by  the  production  of  one-use  rapidly-obsol escent 
products,  class-structures  of  national  society  may  become  more  demarcated  with 
the  expansion  of  a  surplus  population  (the  permanently  unemployed)  that 
neither  contributes  to  production  nor  performs  a  useful  service  function,  and 
the  political  processes  may  become  increasingly  one  of  engineering  public 
opinion  and  the  use  of  man-machine  interactions  to  negate  individual  free 
choice.  On  the  other  hand,  the  advent  of  the  work-free  society  permits  the 

option  of  other  resolutions.  Some  of  these,  that  are  soundly  grounded  in 

technological  possibilities,  are  the  distribution  of  basic  foods  as  a  non¬ 
price-accountable  commodity  not  subject  to  the  price  mechanisms  of  supply  and 
demand,  the  provision  of  housing  and  clothing  at  almost  trivial  levels  of 
labor  cost,  and  the  turning  of  the  political  process  into  true  self- 

government.  But  such  resolutions  also  give  rise  to  deep  contradictions  that 
proceed  from  the  realities  of  the  dispartiy  between  individual  capabilities, 
vested  interests  that  are  associated  with  all  social/economic/political 

structures,  and  the  wide  differences  in  the  technological  levels  of  nations 
interacting  in  the  world  arena.  This  paper  amplifies  the  details  of  such 
contradictions,  various  options  of  resolution,  and  possible  social  paradigms 
with  their  implications. 
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ABSTRACT 

In  the  10-M  wheel  model  of  an  industrial  organization,  the  key  components 
are  money,  materials,  minutes,  methods,  machines,  manpower,  maintenance, 
marketing,  microprocessors  and  management.  In  the  evolving  information 
society,  the  importances  of  some  of  these  components  are  decreasing  and  of 
some  others  increasing  at  an  alarming  rate.  At  present  the  microprocessor  is 
king  of  the  information  society.  Management  is  subserviant  to  the  information 
analyst  and  his  data  base  manipulated  by  the  superchip.  In  a  world  of  limited 
resources,  of  increasing  population  and  of  stiffening  competition, 
productivity  is  the  prime  concern  of  all  nations.  Human  beings  cannot  compete 
with  machines  in  any  repetitive  operation,  be  it  welding  or  number 
crunching.  As  a  result,  robots  working  round  the  clock  are  eliminating  a 
sizeable  work  force.  Computer-controlled  machines  are  definitely  superhuman 
but  so  far  they  have  been  entirely  manually  programmed.  With  the  spread  of 
artificial  intelligence  however  some  of  this  programming  capacity  will  be 
built  into  the  machine.  It  is  difficult  to  see  any  overwhelming  "concerns  for 
man",  that  Einstein  pleaded  for,  within  this  computer-controlled  production 
planning  schemes.  In  fact,  in  some  money  mills,  the  relativity  equation  E-Mc^ 
has  been  given  a  limited  alternative  interpretation.  In  this  interpretation, 
E  is  economics,  M  is  marketing  and  c  is  computer  power.  However,  the  Future 
Lies  in  Our  Hands.  The  authors  propose  global  scenarios  in  which  by  certain 
safeguards  we  shall  be  able  to  avoid  the  looming  confrontation  between 
deprived  human  beings  and  enriched  machines. 
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Where  Lie  the  Counterforces  to  Technology-Driven  Social  Disintegration? 

Joseph  Engelberg,  Ph.D. 

Department  of  Physiology  and  Biophysics 
Albert  B.  Chandler  Medical  Center 
University  of  Kentucky 
Lexington,  Kentucky  40536-0084 


ABSTRACT 

Technology  is  the  realm  of  specialization  and  thereby  becomes  an  agent  of 
fragmentation  and  disintegration.  Social  cohesion  is  contingent  upon  the 
existence  of  other  realms.  These  encompass  housewives,  religious  figures, 
administrators,  politicians,  poets,  etc.,  in  short,  individuals  who  possess  an 
integrative  bent.  It  is  through  the  medium  of  integrators  such  as  these  that 
products  of  technology  (e.g.,  telephone  networks)  can  play  an  integrative 
role.  The  counterforce  to  technology-induced  disintegration  can,  therefore, 
not  be  found  within  technology  itself.  To  avert  technologically-induced 
disasters  one  needs  to  focus  upon  the  realm  of  values  and  beliefs,  and  its 
principal  instrument  of  propagation--education.  The  liberal  arts  (literature, 
philosophy,  religion)  have  traditionally  been  entrusted  with  this  role,  but 
have  themselves  been  subverted  by  the  technological  spirit,  and  become 
spiritually  impotent.  How  can  they  be  restored? 
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Necrology 


Dr,  Charles  W.  Bondurant,  Jr.  died  Sunday,  August  18, 
1985.  He  was  a  Chemistry  Professor  at  Roanoke  College  from 
1956-84,  and  Chairman  of  the  Department  from  1966  to  1976. 

Dr.  Lewis  C.  Goldstein  died  Sunday,  September  29  1985.  He 

was  a  Professor  Emeritus  of  Virginia  Commonwealth 
University.  He  was  Chairman  of  the  Biology  Department  for 
16  years  (1955-1971),  Assistant  Dean  of  Arts  and  Science 
until  1975.  He  retired  in  1982. 

Dr.  Bernice  M.  Speese  died  Friday,  November  29,  1985.  She 
was  Associate  Professor  of  Biology  Emeritus  at  The  College 
of  William  and  Mary.  She  taught  courses  in  genetics  and 
cytogenetics  at  W  &  M  from  1946  until  her  retirement  in 
1976. 


BACKGROUND  FACTS  ABOUT  THE  VIRGINIA  HERPETOLOGICAL  SURVEY: 


1954  Dr.  John  T.  Wood,  a  physician  in  family  medical 

practice  at  Burkeville,  VA,  until  the  early  1960's, 
used  hospital  records  on  snakebite  accidents  to 
pinpoint  the  areas  where  venomous  snakes  actually 
occurred  producing  the  first  Virginia  range  maps 
for  the  copperhead,  cottonmouth,  and  rattlesnakes. 

1957  Formation  of  a  Virginia  state  society  for  both  the 
professional  herpetologists  and  interested  students 
of  herpetology  was  proposed  by  Franklin  Tobey  in  a 
feature  article  in  the  April  VIRGINIA  WILDLIFE. 

1958  The  Virginia  Herpetological  Society  was  founded  in 
March  with  six  co-founders  and  22  founding  members 
at  a  meeting  in  September  in  the  Richmond  vicinity. 

1959  First  firm  list  of  Virginia's  amphibians  and  reptiles 
was  published  in  the  September  VIRGINIA  WILDLIFE.  An 
estimated  150  varieties  were  believed  native  to  the 
state,  with  a  few  others  suspected  as  peripheral. 

1964  A  public  announcement  of  the  Virginia  Herpetological 
Survey  was  made  simultaneously  in  Norfolk  and  in 
Lynchburg,  VA,  by  Dr.  James  L.  Chamberlain,  then  an 
Associate  Professor  of  Biology  at  Randol ph~Macon  Woman's 
College,  Lynchburg;  on  the  occasion  of  a  meeting  of 
the  state  society  at  the  Norfolk  Museum  of  Art  &  Science 

1966  A  society/survey  directorate  was  approved  by  the 

membership.  It  brought  all  interested  university  and 
college  biology  and  zoology  faculty  into  the  society 
with  the  title  of  director.  The  society  secretary 
became  "secretary  to  the  board  of  directors  of  VaHS." 

1978  The  Virginia  Herpetological  Society  and  Virginia 

Herpetological  Survey  applied  for  and  received  tax- 
exempt  status  under  Sec.  501  (c)  (3)  of  the  Internal 
Revenue  Code.  Both  the  Virginia  Herpetological  Survey 
and  its  parent,  the  Virginia  Herpetological  Society, 
are  on  the  current  list  of  tax-exempt  organizations. 
Donors  may  deduct  contributions  to  either  under  the 
provisions  of  section  170  of  the  Internal  Revenue  Code. 

1980  The  society  was  partly  reorganized  under  a  new  slate  of 
officers  in  1980-1981.  The  Survey  remained  under  the 
present  coordinator  until  publication  of  the  survey  maps 
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The  Virginia  Academy  of  Science  is  a  non-profit  organization  dedicated 


...to  establish  and  maintain  in  Virginia  for  scientific 
and  educational  purposes  an  association  of  persons  and 
organizations  interested  in  science  and  scientific 
research  in  all  of  its  branches:  to  solicit  financial 
and  other  support;  to  cooperate  with  educational 
institutions,  industries,  and  state  agencies  in 
fostering  an  interest  in  scientific  matters,  in 
promoting  scientific  investigations  and  in  spreading 
knowledge  of  sciences;  to  provide  a  forum  for  the 
presentation  and  discussion  of  papers  on  scientific 
subjects  and  facilities  for  their  publication;  to 
provide  opportunities  for  the  cooperation  and 
fellowship  among  its  members;  and  generally,  in  doing 
these  things,  to  benefit  not  only  its  own  members,  but 
to  promote  the  civic,  agricultural,  academic, 
industrial  and  commercial  welfare  of  the  people  of 
Virginia. 

The  Virginia  Journal  of  Science  is  the  official  publication  of  the  Virginia 
Academy  of  Science.  It  is  a  peer  review  journal  which  welcomes  for 
consideration  original  articles  and  short  notes  in  the  various  disciplines  of 
engineering  and  science.  Cross-disciplinary  papers  dealing  with  advancements 
in  science  and  technology  and  the  impact  of  these  on  man  and  society  are 
particularly  welcome.  The  Journal  has  wide  distribution  outside  of  Virginia. 
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News  &  Notes 

CALL  FOR  PAPERS 

1986  Carnahan  Conference  on  Harmonizing  Technology  with  Society 
June  26-27*  1986,  University  of  Kentucky,  Lexington 


SPONSORS: 

University  of  Kentucky  College  of  Engineering 
Electrical  Engineering  Department 

Institute  of  Electrical  and  Electronics  Engineers 
Lexington  Section 

Social  Implications  of  Technology  Society 

COOPERATING  ORGANIZATIONS: 

University  of  Kentucky 
College  of  Medicine 
College  of  Arts  and  Sciences 

American  Physical  Society 

Forum  on  Physics  and  Society 
Union  of  Concerned  Scientists 

PURPOSE:  Robotics,  automation  and  artificial  intelligence  will  soon  be 
capable  of  destroying  the  foundation  of  our  work-based  society.  The  purpose 
of  this  conference  is  to  address  the  resulting  crisis  and  to  explore 
accommodations  to  technology  which  are  more  responsive  to  the  needs  of  man, 
minimize  dependency  and  enable  all  to  become  free  and  responsible  members  of  a 
worthy  society.  Especially  welcome  are  participants  searching  for  new  ideas 
and  willing  to  share  their  own. 

SUGGESTED  TOPICS:  To  more  clearly  define  the  scope  of  the  conference,  a  list 
of  appropriate  topics  is  provided.  These  topics  are  suggestive  only. 
Relevant  papers  are  solicited  which  show  how  technology--the  most  powerful 
force  in  the  world  today--can  encourage  the  human  use  of  human  beings,  or  else 
produce  a  world-wide  catastrophe.  How  best  may  we  realize  Einstein's 
blessings? 

APPROPRIATE  TOPICS:  Computer  driven  automation  and  the  collapse  of  work. 
Production  and  distribution  in  the  work-free  society.  Prosperity  through 
technology  driven  abundance.  Peace  through  technology  driven  prosperity. 
Economics  of  scarcity  in  an  ambience  of  abundance. 

Mail  Abstracts  to:  John  Jackson,  Conference  Director 
Electrical  Engineering  Department 
University  of  Kentucky 
Lexington,  Kentucky  40506-0046  USA 
(606)257-3926 

ABSTRACT  DEADLINE:  March  31,  1986 


"VERTEBRATE  LIFE  HISTORIES  IN  VIRGINIA" 

A  symposium  on  "Vertebrate  Life  Histories  in  Virginia"  will  be  included  as 
part  of  the  Biology  Session  at  the  May  13-16,  1986  meeting  of  the  Virginia 
Academy  of  Science  in  Harrisonburg,  Virginia.  Researchers  working  on  life 
histories  (broadly  defined)  of  Virginia  vertebrate  species  are  encouraged  to 
apply.  Publication  of  the  proceedings  is  anticipated.  Contact  Or.  Joseph  C. 
Mitchell,  Department  of  Biology,  University  of  Richmond,  Richmond,  Virginia 
23173  (804-289-8234)  for  details. 
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Field  and  Artificial  Diet-Reared  Larval  Stages  of 
Rhinocyllus  conicus  (Coh  Curculionidae) 

D.  J.  Rowe  and  L.  T.  Kok 

Department  of  Entomology 
Virginia  Polytechnic  Institute  and  State  University 
Blacksburg,  VA  24061 


ABSTRACT 

The  number  of  larval  stages  of  Rhinocyllus  conicus  Froelich, 
a  weevil  successfully  introduced  for  Carduus  thistle  control,  was 
determined  from  larvae  collected  in  the  field.  Frequency 
distribution  of  head  capsule  widths  revealed  four  larval  instars. 
Diet-reared  larvae  had  smaller  head  capsules  and  the  size  of  the 
weevils  was  smaller  than  those  developing  under  field  conditions. 
Both  groups  of  larvae  conform  to  Dyar's  rule  and  chi-square 
analysis  revealed  no  significant  differences  between  observed  and 
predicted  means. 


INTRODUCTION 

Since  the  introduction  of  Rhinocyllus  conicus  Froelich  into 
North  America  in  1969  for  the  biological  control  of  Carduus  L. 
and  Si lybum  Gaertn.  thistles,  the  number  of  reports  on  this 
weevil  has  greatly  increased  (Boldt  and  Kok  1982).  Although 
general  biological  information  on  R.  conicus  has  been  reported 
(Goureau  1845;  Mellini  1951;  Hoffman  1954;  Scherf  1964;  Zwolfer 
1967;  Surles  1972),  the  number  of  larval  instars  has  not  been 
accurately  determined.  An  earlier  report  on  the  life  cycle  of 
the  insect  (Zwolfer  1967)  implied  the  presence  of  three  larval 
instars;  more  recently,  Zwolfer  and  Harris  (1984)  mentioned  four 
instdrs  but  gave  no  details.  During  our  efforts  to  propagate  R. 
conicus  in  the  laboratory,  detailed  observations  were  made  on  its 
development,  and  newly  eclosed  first-stage  larvae  were  also 
successfully  reared  to  adults  on  artificial  diet  (Rowe  1981). 
This  study  was  undertaken  to  establish  the  number  of  larval 
instars  in  the  life-cycle  of  R.  conicus  and  to  determine  whether 
field-collected  and  diet-reared  larvae  differed  in  size. 

MATERIALS  AND  METHODS 

Larvae  collected  from  heads  of  musk  thistle  ( Carduus 
thoermeri  Weinmann)  in  the  field  during  June  and  July  of  1980 
were  fixed  in  KAAD  mixture  (1  part  kerosene,  7-10  parts  95% 
ethanol,  2  parts  glacial  acetic  acid,  1  part  dioxane)  for  8  h  and 
then  transferred  to  70%  ethanol.  The  same  technique  was  used  for 
larvae  obtained  from  artificial  diets.  Ingredients  common  to  all 
successful  diets  were:  agar,  sucrose,  musk  thistle  heads, 
ascorbic  acid,  vitamins,  salt  mixture,  sorbic  acid,  potassium 
hydroxide  and  cellular  fiber  (Rowe  1981).  Head-capsule  widths 
were  determined  by  means  of  an  ocular  micrometer.  The  frequency 
distribution  of  head  capsule  widths  (n=60)  was  used  to  separate 
larval  instars  into  size  classes  for  both  field  and  diet  weevils. 
A  Chi-square  analysis  (Snedecor  and  Cochran  1967)  was  performed 
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to  compare  the  goodness  of  fit  of  observed  and  predicted  means 
for  both  groups  of  larvae. 

RESULTS  AND  DISCUSSION 

The  frequency  distribution  of  head-capsule  widths  revealed 
four  peaks  for  field-collected  larvae  corresponding  to  four 
larval  stages  (Fig.  1).  In  over  100  published  reports  on  this 
weevil  (Boldt  and  Kok  1982),  only  the  recent  comprehensive  review 
paper  by  Zwblfer  and  Harris  (1984)  mentioned  that  R.  conicus  has 
four  instars.  This  research  clearly  establishes  that  R.  conicus  I 

has  four  instead  of  three  instars  that  are  common  for 
Curculionidae .  We  feel  that  accurate  information  concerning 
larval  stages  in  the  life-cycle  of  beneficial  insects  wil  be  of 
extreme  value  in  the  mass  production  of  biological  control 

agents.  Measurements  of  organisms  reared  on  artificial  diets  can  i| 
be  used  as  an  index  of  adequacy  in  the  development  of  artificial  j! 
diets.  In  addition  to  size  differences,  insects  generally  have  a 
longer  developmental  stage  with  greater  number  of  instars  when  i 
subjected  to  less  than  optimal  growing  conditions.  Thus,  i 

differences  in  size  or  number  of  instars  can  be  used  to  detect  [ 

nutritional  stress.  ! 


Number  of  Head  Capsules 


Figure  1. 

Frequency  distribution  of  larval  head  capsule  widths  of  field-collected  and  diet-reared 
Rhinocyllus  conicus. 


DETERMINATION  OF  LARVAL  STAGES  OF  R.  CONIC  US 
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Our  laboratory  studies  on  the  rearing  of  R.  conicus 
confirmed  that  four  instars  were  also  found  in  larvae  fed  on 
artificial  diets.  Three  peaks  were  obtained  corresponding  to  the 
second,  third,  and  fourth  larval  stages  of  R.  conicus  reared  on 
artificial  diets  (Fig.  1).  Since  the  larvae  were  inoculated  onto 
diets  when  newly  eclosed  from  field-collected  eggs,  measurements 
of  the  first  stage  were  not  incorporated  into  "diet-reared"  data. 
Head  capsule  sizes  for  diet-reared  individuals  were  increasingly 
smaller  than  field-collected  larvae  with  each  successive  larval 
stage.  As  there  were  size  differences  between  the  field  and  diet 
weevils,  an  inadequacy  in  the  nutrition  of  the  diet  organisms  was 
evident.  Both  groups  of  weevils,  however,  had  4  distinct 
instars,  and  larval  head  capsules  of  both  field  and  diet  R. 
conicus  conformed  to  Dyar's  rule  of  geometric  progression  (Dyar 
1890).  Chi-square  tests  revealed  no  significant  differences  (P  > 
.001)  between  observed  and  predicted  size  increments  within  each 
group  of  larvae  (Table  1). 

These  results  clearly  indicate  that  R.  conicus  has  four 
larval  stages.  Although  R.  conicus  can  be  reared  on  artificial 
diets,  the  smaller- sized  larvae  compared  to  naturally  developing 
larvae  suggest  deficiencies  in  these  diets.  The  difficulty  in 
obtaining  adequate  artificial  diets  for  R.  conicus  could  be 
compounded  by  its  long  feeding  stage  of  ca.  4-5  weeks  and  its 
tunnelling  feeding  behavior,  and  no  satisfactory  artificial  diet 
for  R.  conicus  has  been  developed.  However,  the  limited  success 
reported  here  is  a  first  step  towards  the  development  of  better 
artificial  diets  for  this  biological  control  agent. 


Table  1.  Larval  head  capsule  widths  (mm)  of  field-collected  and 
diet-reared  Rhinocyllus  conicus . 


FIELD- 

■COLLECTED 

DIET- 

-REARED 

STAGE 

OBSERVED  X 

PREDICTED 

OBSERVED  X 

PREDICTED  X3 

1 

.34 

.343 

.34 

.343 

2 

.52 

.523 

.  50 

.503 

3 

.86 

.  79 

.  73 

.  73 

4 

1.23 

1.22 

1.07 

1.07 

=  .004691  for  stages  3  and  4. 

^x^  =  .0000098  for  stages  3  and  4. 

3  Dyar's  ratio:  field-collected  =  0.65;  diet-reared  =  0.68 
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Abstract 

Several  aspects  of  the  ecology  of  Plethodon  cinereus  from  the  central  Virginia 
Piedmont  were  examined  during  1980-1982.  Unlike  mountain  populations  in  Virginiar 
which  have  higher  red-back  morph  frequencies,  lead-back  morphs  predominated 
in  the  Piedmont  population.  During  the  wet  spring  of  1980  P^.  cinereus  were 
more  abundant  in  the  upland  portion  of  the  study  area  than  in  lower  portions. 
During  the  drought-influenced  spring  of  1981  salamanders  were  more  abundant 
in  the  lower  portion  of  the  area.  The  drought  conditions  probably  caused  this 
difference  in  microhabitat  distribution.  There  were  no  significant  differences 
in  distribution  of  lead-back  and  red-back  morphs  for  three  soil  components  but 
red-back  morphs  preferred  higher  pH  soils  than  lead-back  morphs.  Both  morphs 
preferred  soils  with  less  moisture  than  found  in  randomly  selected  control  samples. 
Ants,  collenbola  and  mites  were  consumed  most  frequently  by  P.  cinereus  in  two 
study  sites.  Proportions  of  prey  types  taken  were  similar  between  sites.  There 
was  no  significant  correlation  of  prey  size  with  salamander  size.  These  latter 
two  results  suggest  Piedmont  P.  cinereus  forage  randonly  in  the  soil-leaf  litter 
habitat. 


Introduction 


The  red-back  salamander,  Plethodon  cinereus,  is  one  of  the  most  abundant 
and  widespread  terrestrial  vertebrates  in  the  forests  of  northeastern  North 
iVnerica  (amith,  1963?  Conant,  1975).  It  is  a  polymorphic  species,  occurring 
with  either  a  reddish  dorsal  stripe,  the  "red-back  phase",  or  without  the  stripe, 
the  "lead-back"  phase  (Highton,  1959?  Smith,  1963?  Angleberger  and  Chinnici, 
1975).  Various  aspects  of  its  biology  have  been  studied,  including  the  reproductive 
cycle  (Saylor,  1966),  population  genetics  (Highton,  1959,  1966,  1975),  ecology 
and  behavior  (Vernburg,  1953?  Heatwole,  1960,  1962?  Heatwole  and  Lim.,  1961? 
Taub,  1961?  Spotila,  1972?  Caldwell  and  Jones,  1973?  Jaeger,  1978?  Jaeger  and 
Barnard  1981?  Jaeger,  et  al.  1981,  1982?  Simon  and  Madison,  1984)  and  interactions 
with  conspecifics  (Jaeger,  1970,  1971a,  1971b,  1972,  1974?  Fraser,  1976). 

Although  P^.  cinereus  is  one  of  the  most  thoroughly  studied  salamanders, 
most  studies  of  its  ecology  have  focused  on  mountain  and  northern  populations 
(all  references  cited  above).  No  studies  of  its  ecology  have  been  done  in  the 
Piedmont,  \4iere  it  is  typically  not  abundant  (R.  Highton,  pers.  canm.?  pers.  obs.). 
In  this  paper  we  present  the  results  of  several  studies  designed  to  learn  more 
P^,  cinereus  in  the  Virginia  Piedmont  region.  Included  are  data  on  morph 
frequencies,  evidence  of  an  apparently  drought- induced  shift  in  microhabitat 
distribution,  the  effects  of  various  envirormental  factors  on  the  microdistribution 
of  the  two  color  morphs  and  analyses  of  diet  diversity  and  the  relationship 
of  prey  size  to  predator  size. 
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Materials  and  Methods 


The  studies  of  annual  change  in  microhabitat  distribution  and  of  environ¬ 
mental  factors  influencing  microdistribution  of  color  morphs  were  conducted 
on  a  P.  cine reus  population  located  immediately  southwest  of  the  junction  of 
Tuckahoe  creek  and  US  Rt.  250,  6  mi.  west  of  Short  Pump,  Goochland  County,  Virginia. 
In  April  1980  and  1981,  when  the  area  was  studied,  the  vegetation  consisted 
of  a  mixed  hardwood-pine  forest  with  a  moderately  deep  humus  layer,  20-50  ram 
of  leaf  litter  and  an  abundance  of  logs  in  varying  stages  of  decanposition. 

Elevation  ranges  frcm  150  m  near  Tuckahoe  creek  to  200  m  in  the  center  of  the 

tract. 

In  the  study  of  microdistribution  of  the  P.  cinereus  population,  three 
areas  were  selected  and  labeled  upper  (200  m  elev.),  middle  (180  m)  and  lower 
(160  m)  sections.  The  abundance  of  logs  and  fallen  branches  decreased  frcm 
upper  to  lower  sections.  Searches  for  salamanders  were  made  on  April  4,  11 
and  16,  1980  and  on  April  9  and  14,  1981  and  always  involved  two  people.  These 

individuals  searched  each  of  the  sections  until  all  of  the  logs  and  branches 

were  overturned  in  an  approximately  25  x  25  m  area.  The  total  number  of  salamanders 
were  recorded  for  each  section  and  all  objects  carefully  replaced  after  examination. 

In  the  study  of  environmental  factors  influencing  color  morph  microdistribution, 
salamanders  were  sought  during  five  trips  between  April  2  and  18,  1981.  Each 
salamander  was  recorded  as  either  red- back  or  lead-back  and  not  unduly  disturbed. 
A  soil  sample  was  taken  within  5  cm  of  the  position  of  each  salamander  and  sealed 
in  a  jar.  A  series  of  samples  was  taken  frcm  randcm  locations  under  similar 
objects  where  no  salamanders  were  found. 


Soil  samples  were  usually  analyzed  within  one  hour  of  collection  to  minimize 
dessication.  Soil  moisture  for  all  years  and  samples  was  detemined  by  weighing 
1  g  of  soil  before  and  after  drying  in  an  oven  at  80  C  for  24  hours.  Soil  moisture 
is  expressed  as  percent  moisture  content.  pH  was  determined  following  the  method 
outlined  in  the  LaMotte  Soil  Handbook  (1968).  Soil  corposition  was  determined 
for  dried  samples  by  passing  them  through  a  series  of  serins.  The  first  fraction 
was  defined  as  that  materiaL  not  passing  through  a  5.0  inn  mesh  screen.  A  second 
fraction  was  held  by  1.0  mm'^  mesh  and  the  remainder  passed  through  both  screens. 
We  labeled  these  soil  fractions  category  A,  B  and  C,  respectively,  because  this 
procedure  did  not  separate  organic  composition  and  texture.  Composition  of 
each  fraction  is  expressed  as  percent  per  gram  of  sample. 

The  P.  cinereus  used  for  diet  analysis  were  obtained  in  1982  frcm  two 
sites.  The  first  is  as  described  above  (designated  the  Goochland  site).  The 
second  site,  located  1  mi.  southwest  of  the  junction  of  Pump  Rd.  and  Patterson 
Rd.,  Henrico  County,  Virginia  (the  Henrico  site),  was  sampled  frcm  i^ril  1-13, 
1982.  Each  salamander  was  humanely  sacrified  in  a  chlorotone  solution,  fixed 
in  10%  formalin  and  stored  in  70%  isopropyl  alcohol.  Snout-vent  length  (SVL) 
and  sex  was  recorded  for  each  specimen  and  the  stcmach  contents  removed.  Identifica¬ 
tion  of  prey  taxa  follows  Borrer,  et  al.  (1976);  the  largest  prey  item  in  each 
stcmach  was  measured  to  the  nearest  millimeter. 

Statistical  analyses  follow  Zar  (1974)  and  were  performed  with  SPSS  programs 
(Nie,  et  al.,  1975).  Non-parametric  tests  were  used  where  assumptions  of  normality 
and  heterogeneity  of  variances  could  not  be  met.  Significance  is  established 
at  a  =  .05.  Where  appropriate,  means  are  followed  by  +  one  standard  deviation. 


Results  and  Discussion 


Frequency  of  color  morphs  -  At  the  Goochland  site  lead- back  morphs  occurred 
at  higher  frequencies  than  red-back  morphs  in  1980  (47  vs  22,  respectively) 
and  1981  (44  vs  13)  but  not  in  1982  (9  vs  8).  Of  the  143  P.  cinereus  encountered 
in  this  area  70%  were  lead-back.  At  the  Henrico  site,  all  P.  cinereus  encountered 
were  red- back  morphs  (N  =  15). 


OBSERVATIONS  ON  THE  MICRODISTRIBUTION 
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Montane  populations  of  P.  cinereus  on  Potts  Mountain,  Giles  Co.,  Virginia 
and  in  Shenandoah  National  Park  contain  higher  frequencies  of  red-backs  than 
lead-backs  (Highton,  1975?  Angleberger  and  Chinnici,  1975).  It  would  be  futile 
to  speculate  at  this  tune  about  the  proximate  causes  of  the  differences  between 
the  Goochland  and  mountain  sites  due  to  the  lack  of  lead-backs  in  the  small 
Henrico  sample.  Morph  frequencies  fran  other  populations  in  the  Piedmont  are 
needed  to  detemine  the  patterns  for  this  region. 

Microhabitat  distribution  -  The  distribution  of  P.  cinereus  at  the  Goochland 
site  differed  considerably  between  years  (Table  1).  The  actual  abundance  values 
should  be  viewed  with  caution  because  two  sampling  days  occurred  in  1981  compared 
to  three  in  1980  and  because  different  people  were  involved  each  year.  However, 
salamanders  were  generally  more  abundant  in  1980  than  in  1981  as  evidenced  by 
the  fact  that  the  sum  of  any  two  of  the  three  day's  samples  in  1980  exceeded 
the  total  in  1981  by  17  to  39.  This  is  supported  by  the  location  of  only  27 
P*  cinereus  during  five  sampling  trips  in  1981  during  another  study  (see  below). 

During  1980  there  were  more  P.  cinereus  in  the  upland  section  than  in  the 
lowland  section,  v^ereas  the  <^posite  distribution  was  found  in  1981  (Table 
1).  The  difference  between  years  in  soil  moisture  undoubtedly  reflects  the 
contrasting  overall  moisture  conditions  which  prevailed  these  two  years.  Rainfall 
fran  January  1  through  mid-April  1980  was  37  mm  conpared  to  17.3  ram  for  the 
same  period  in  1981  (National  Weather  Service  Data  for  Richmond).  Thus,  the 
reversal  of  the  relative  abundances  of  P.  cinereus  among  the  three  sites  was 
apparently  caused  by  the  late  1980-1981  drought.  The  soil  moisture  data  in 
Table  1  also  suggest  P.  cinereus  prefers  a  range  of  moisture  around  40-60%. 

Early  experimental  studies  of  microdistribution  of  P.  cinereus  in  relation 
to  soil  moisture  indicated  that  this  salamander  perferred  wet  substrates  over 
dry  (Vemberg,  1953,*  Heatwole,  1960).  In  an  extensive  field  study,  Heatwole 
(1962)  found  that  depressions  in  the  forest  floor  and  the  interior  and  underside 
of  logs  served  as  refug ia  during  times  of  low  moisture,  e.g.  drought  and  hot 
sunmers.  Under  these  conditions  the  relative  humidity  can  drcp  below  the  critical 
level  of  soil  moisture  for  P.  cinereus  (85%  interstitial  relative  humidity). 
Once  this  occurs  the  salamanders  will  move  fran  the  humus- leaf  litter  microhabitat 
to  refugia  beneath  the  surface  of  the  mineral  soil.  Our  results  indicate  the 
majority  of  salamanders  probably  moved  below  ground  during  the  dry  spring  of 
1981  when  they  would  normally  be  active,  i.e.  during  years  of  normal  rainfall. 
During  this  drought  year  most  salamanders  which  were  active  selected  the  highest 
levels  of  soil  .moisture  available.  Those  in  areas  of  low  soil  moisture  may 
have  compensated  for  the  reduced  humidity  levels  by  using  water-conserving  behaviors, 
such  as  coiling  (Heatwole,  1960),  to  reduce  water  loss.  Our  results  do  not 
allow  us  to  determine  whether  the  salamanders  actually  moved  fran  upland  to 
lowland  sites  in  response  to  the  drought  condition  or  if  the  yearly  differences 
in  abundances  reflect  differences  in  the  number  above  and  below  the  soil.  In 
either  case  there  were  fewer  active  salamanders  found  during  the  drought  year 
than  in  the  wet  year.  Such  effects  of  weather  on  salamander  activity  may  reduce 
energy  intake  via  reduced  feeding  and,  consequently,  reproductive  output,  demographic 
structure  and  survivorship  in  this  population. 

Factors  influencing  color  morph  microdistribution  -  Kruskal-Wallace  ANOVA  tests 
among  randan,  lead-back  and  red-back  samples  revealed  significant  differences 
in  fi!  and  soil  moisture  conditions  (Table  2).  Red-back  color  morphs  preferred 
significantly  higher  soil  pH  levels  than  lead-back  morphs  (Mann-Whitney  U  test, 
U  =  33.0,  P  =  0.0015)  and  that  in  the  randan  sarrples  (U  =  46.0,  P  =  0.0091). 
Soil  pH  did  not  differ  significantly  between  lead-back  morph  samples  and  randan 
samples  (U  =  251.0,  P  -  0.1619).  The  relative  concentrations  of  soil  moisture 
were  significantly  higher  in  the  randan  samples  than  in  either  of  the  lead-back 
(U  =  123.0,  P  =  0.001)  or  red-back  (U  =  34.0,  P  =  0.0022)  saitples.  However, 
soil  moisture  levels  did  not  differ  significantly  between  color  morphs  (U  = 
92.5,  P  =  0.3550).  Test  (1955)  suggested  that  soil  moisture  may  influence  the 
distribution  of  P.  cinereus  color  morphs.  Our  results  for  the  Piedmont  population 
and  those  of  Angleberger  and  Chinnici  (1975)  do  not  support  this  hypothesis. 

An  analysis  of  the  distributions  of  P^,  cinereus  color  morphs  in  New  England 
revealed  frequencies  of  the  lead-back  morph  are  higher  in  relatively  warm  areas 
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and  that  lead- backs  retreat  fran  the  soil  surface  earlier  in  autumn  than  striped 
morphs  (hotter  and  Scott,  1977).  However,  Angleberger  and  Chinnici  (1975)  found 
that  lead-backs  were  found  in  higher  frequencies  in  areas  with  lower  average 
daily  temperatures  than  red-backs.  These  contradictory  results  suggest  there 
may  be  geographic  differences  in  physiological  responses  to  temperature.  Our 
results  indicating  pH  may  play  a  role  should  also  be  included  in  future  studies. 

Diet  and  predator-prey  size  relationships.  -  Plethodon  cinereus  consume  a  wide 
variety  of  prey  types  in  the  soil- leaf  litter  microhabitat  (Table  1).  Ants, 
collembola,  and  mites  were  the  most  frequent  categories  eaten.  Neither  site 
differed  substantially  in  categories  or  frequencies  of  prey  consumed.  This 
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suggests  Piedmont  P.  cine reus  forage  randomly,  consuming  prey  as  they  encounter 
them.  It  further  suggests  the  two  sites  did  not  differ  substantially  in  prey 
species  diversity  and  carmunity  structure. 

Other  studies  of  P.  cinereus  diet  (Jaeger,  1972;  Caldwell  and  Jones,  1973; 
Fraser,  1976)  have  also  found  prey  types  characteristic  of  the  soil- leaf  litter 
community.  Jaeger  (1978)  often  observed  montane  P.  cinereus  foraging  above 
the  forest  floor  on  plant-dwelling  honopterans  and  hemipterans.  Although  one 
hemipteran  was  consumed  by  one  of  the  salamanders  in  the  Henrico  sample,  it 
is  unknown  if  Piedront  P.  cinereus  climb  plants  on  foggy  and  rainy  nights  to 
forage.  If  they  do,  we  suspect  it  occurs  with  much  less  frequency  than  in  the 
mountains  because  foggy  and  rainy  nights  occur  less  frequently  in  the  Piedmont. 

Average  SVL's  of  the  Henrico  (40.6  +  4.6  mm,  32.0-47.5  irm)  and  Goochland 
(40.2  ^  8.2  ram,  25.5-51.0  ram)  samples  did  not  differ  significantly  (Mann  Whitney 
U  tests,  U  =  102.0,  P  =  0.6624),  nor  did  the  average  size  of  the  largest  prey 
item  per  stanach  (Henrico;  11.3  +^9.9  mm,  2.6-33.0  mm  ;  Goochland;  7.9  +  5.3  ram, 
2.5-18.0  ram)  differ  significantly  (U  =  91.0,  P  =  0.3720).  We,  thus,  combined 
these  samples  for  the  analysis  of  prey  size  versus  predator  size  relationship. 
Sexual  differences  in  these  samples  were  not  considered  because  it  has  been 
shown  sexual  size  dimorphism  in  Plethodon  jordani  does  not  contribute  to  differences 
in  prey  size  selection  (Mitchell  and  Taylor,  unpublished  manuscript)  and  because 
of  the  small  sample  sizes. 

In  this  combined  sample,  the  length  of  the  largest  prey  is  not  significantly 
correlated  with  salamander  SVL  (Fig.  1,  P  =  0.3209).  This  result  is  opposite 
that  found  for  montane  samples  of  P.  cinereus  and  P.  hoffmani  by  Fraser  (1976) 
and  for  P.  jordani  by  Mitchell  and  Taylor  (unpublished  data).  It  suggests 
L*  cinereus  in  these  two  areas  of  the  Virginia  Piedmont  are  foraging  randomly 
with  respect  to  prey  size.  This  also  supports  the  suggestion  that  P^.  cinereus 
forages  randomly  in  the  soil-leaf  litter  microhabitat.  These  results  should 
not  be  considered  conclusive  because  of  the  small  sarrple  size  and  because  the 
samples  were  taken  during  a  limited  spring  period.  Comparisons  of  prey  size 
with  predator  size  may  prove  to  be  positive  when  samples  taken  over  all  seasons 
are  tested  and/or  if  selected  prey  categories  are  tested  utilizing  larger  samples. 
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Table  1 .  Soil  moisture  and  relative  abundance  of  Plethodon  cinereus 
in  three  sections  in  a  Goochland  County,  Virginia  site 
in  a  wet  year  (1980)  and  a  dry  year  (1981).  All  samples 
were  taken  in  early  April.  See  text  for  description  of 
sites.  Soil  moisture  is  expressed  as  percent  of  moisture 
per  gram  of  soil  and  %  no,  is  the  percent  of  the  total 
yearly  sample  (63  in  1980  and  22  in  1981), 


1980  1981 


Section 

%  moisture 

%  no. 

%  moisture 

%  no. 

Upland 

56.4 

58.7 

29.6 

9.1 

Middle 

88.7 

23.8 

38.6 

13.6 

Lowland 

93.7 

17.5 

41.4 

77.3 

Table  2.  Soil  sanple  analysis  ccnparing  the  soil  environment  for  Plethodon  cinereus  color  morphs  at  the 
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Table  3.  Stanach  contents  of  Plethodon  cine reus  fran  two  Virginia  Piedmont  sites. 

N  is  the  number  of  salamanders  with  each  prey  type  and  No.  is  the  number 
of  prey.  Sample  size  is  15  for  each  site  (see  text  for  site  descriptions). 


Goochland  Henrico  _ Combined 


Prey  category 

N 

No. 

%  No. 

N 

No. 

%  No. 

N 

No. 

%  No. 

Insects 

Coleoptera 

9 

21 

7.6 

6 

10 

5.5 

15 

31 

6.8 

Collembola 

9 

45 

16.4 

9 

27 

14.8 

18 

72 

15.7 

Diptera 

3 

3 

1.0 

- 

- 

- 

3 

3 

0.7 

Hemiptera 

- 

- 

- 

1 

2 

1.1 

1 

2 

0.4 

Hymenoptera 

“ 

- 

- 

1 

1 

0.5 

1 

1 

0.2 

Formic idae 

13 

125 

45.5 

14 

77 

42.1 

27 

202 

44.1 

Insect  larvae 

Campodeiform 

- 

- 

- 

1 

1 

0.5 

1 

1 

0.2  * 

Elateriform 

2 

3 

1.0 

2 

2 

1.1 

5 

5 

1.1  j 

Eruciform 

- 

- 

- 

1 

1 

0.5 

1 

1 

0.2 

Scarabaeiform 

5 

9 

3.3 

3 

4 

2.2 

8 

13 

2.8  1 

Vermiform 

2 

2 

0.7 

7 

9 

4.9 

9 

11 

2.4  i 

Unidentified 

Insects 

9 

18 

6.5 

5 

5 

2.7 

14 

23 

5.0  i 

Other  Invertebrates 

Acari 

7 

19 

6.9 

8 

24 

13.1 

15 

43 

9.4  i 

Annelida 

- 

- 

1 

2 

1.1 

1 

2 

0.4  i 

Araneae 

4 

5 

1.8 

4 

5 

2.7 

8 

10 

2.2 

Diplopoda 

1 

1 

0.4 

- 

- 

1 

1 

0.2  i 

Isopoda 

2 

7 

2.5 

- 

- 

- 

2 

7 

1.5 

Ixodides 

4 

6 

2.2 

1 

1 

0.5 

5 

7 

1.5 

Mollusca 

3 

5 

1.8 

4 

4 

2.2 

7 

9 

2.0 

Pseudoscorpion ida 

2 

6 

2.2 

5 

8 

4.4 

7 

14 

3.1  ^ 

1 

Totals 

183 

99.8 

275 

99.9 

458 

99.9 
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ABSTRACT 

This  study  was  designed  to  assess  the  effect  of  egg  size 
on  proportions  of  physical  components  of  eggs.  A  "dry"  method 
which  involved  boiling  the  eggs  was  used  to  separate  the  egg 
components  into  three  parts;  shell  plus  membrane,  albumen,  and 
yolk.  There  were  no  significant  weight  changes  when  the  eggs 
were  boiled.  In  general,  larger  eggs  contain  greater  percen¬ 
tages  of  albumen  and  smaller  percentages  of  yolk,  while  the 
percentage  of  shell  plus  membrane  remains  relatively  constant 
in  all  sizes  of  eggs.  The  shape  index  (breadth/length  ratio) 
of  the  egg  was  independent  of  the  size  of  egg. 

INTRODUCTION 

Eggs  have  been  recognized  as  an  important  part  of  the 
human  diet  since  the  dawn  of  time.  It  is  one  of  the  few  foods 
that  is  used  throughout  the  world.  The  egg  is  also  a  valuable 
raw  material  for  many  industrial  products  around  the  world. 
The  physical  and  structural  characteristics  of  an  avian  egg  is 
dependent  on  the:  species,  breeding  lines,  age,  season  of  the 
year,  diet  and  environmental  management  (Friese,  1923;  Romanoff 
and  Romanoff,  1949;  Cunningham  ^  ,  1960;  Marion  et  al . , 
1964).  In  general,  the  larger  eggs  contain  greater  absoTu’te 
amounts  of  all  component  parts,  but  the  proportion  of  yolks 
tends  to  be  higher  in  smaller  eggs  than  in  larger  ones.  Most 
studies  done  on  this  subject  were  done  decades  ago. 

Over  the  years,  commercial  flocks  have  been  selected 
extensively  through  genetic  breeding  programs  to  improve  their 
performance  in  terms  of  egg  production.  The  average  annual 
number  of  eggs  produced  per  bird  is  almost  double  the  number 
produced  40  years  ago.  The  purpose  of  this  study  was  to 
examine  the  physical  components  of  a  hen's  egg  compared  to  its 
size  to  see  if  recent  selection  has  altered  their  relationship 
from  that  of  the  past. 


METHODS 

Eggs  were  collected  during  the  summer  season  from  White 
Leghorn  hens,  that  were  housed  at  the  Poultry  Research  Center, 
Virginia  Tech,  Blacksburg,  Virginia.  All  hens  were  kept  in  the 
same  laying  house  and  subjected  to  the  same  dietary  and  environ¬ 
mental  management. 


*Correspondence  Address:  VA-MD  Regional  College  of  Veterinary  Medicine,  Virginia  Tech,  Blacks¬ 
burg,  VA  24061 
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The  eggs  were  collected  on  the  day  of  laying  and  stored 
overnight  at  55°F.  The  next  morning  the  eggs  were  allowed  to 
be  warmed  to  room  temperature,  then  they  were  washed  in  room 
temperature  water  and  dried.  The  weight  of  the  eggs  was 
determined  in  grams  by  the  use  of  an  electronic  balance  sensi¬ 
tive  to  0.01  gm  (Fisher  Model  8204).  The  length  and  breadth  of 
the  eggs  were  measured  in  with  mm  a  vernier  caliper  sensitive 
to  0.1  mm.  After  recording  the  measurements,  all  eggs  were 
hard-boiled  in  water  (Grosser,  1983).  Following  boiling,  the 
eggs  were  then  weighed  again,  and  separated  into  three  parts: 
the  white  (albumen),  the  yolk,  and  the  shell  (including  mem¬ 
branes).  Each  part  was  weighed  separately.  By  this  procedure 
the  actual  values  and  percentages  of  each  component  part  of  the 
egg  were  determined.  The  surface  area  of  the  egg  was  estimated 
by  the  following  equation  (Romanoff  and  Romanoff,  1949) 


TT  LB^ 

S  =  4.63  ( - -— — ) 

6 


2/3 


where  S  =  surface  area,  L  =  length,  B  =  breadth,  and  tt  - 
3.1416. 


The  shape  index  of  each  egg  was  calculated  as 


breadth 

length 


X  100 


The  size  of  each  egg  was  classified  accordingly  to  the 
United  State  Department  of  Agriculture  (USDA)  minimal  weight 
standards  (Egg  Grading  Manual,  1977).  Eggs  weighing  between 
70.8-63.7  gm.  were  classified  as  extra-large;  63.6-46.7  gm., 
large;  56.6-49.5  gm. ,  medium;  49.4-42.5  gm. ,  small;  and  less 
than  42.4  gm.  were  pee-wee*s. 


Statistical  significance  was  determined  by  the  Duncan's 
New  Multiple  Range  Test  to  identify  significant  differences 
among  the  various  pairs  of  variables  and  the  F-ratio  was 
determined  by  the  one-way  analysis  of  variance.  Differences 
were  considered  significant  when  the  confidence  and  percentile 
levels  were  95%  or  greater  (Kramer,  1956;  Snedecor,  1967). 

RESULTS  AND  DISCUSSION 


Weight,  calculated  surface  area,  and  the  shape  index  of 
different  sizes  of  eggs  are  presented  in  Table  1.  In  general, 
egg  weight  of  an  egg  was  less  after  being  "hard"  boiled  in 
water.  The  average  weight  loss,  following  boiling,  was  about 
0.3  gm.  This  change,  however,  was  not  statistically  signifi¬ 
cant.  There  were  no  detectable  differences  in  weight  loss 
between  different  size  groups  of  eggs  (Table  1).  These  observa¬ 
tions  are  consistent  with  earlier  findings  (Romanoff  and  Roman¬ 
off,  1949). 

The  results  of  this  study  further  showed  a  linear  rela¬ 
tionship  between  calculated  surface  area  and  the  weight  of  egg 
(r  =  0.9974).  The  shape  index  of  the  egg  was  independent  of 
the  size  of  the  egg  (Table  1).  Romanoff  and  Romanoff  (1949) 
have  shown  that  eggs  from  a  flock  of  262  leghorn  hens  had  shape 
index  values  ranging  from  63  to  82  and  that  individual  hens 
layed  eggs  that  are  more  or  less  uniform  in  shape.  They 
suggested  that  the  shape  index  of  the  eggs  varies  with  species, 
strains,  and  lines.  There  are  clear  indications  that  the 
inheritance  of  egg  shape  is  critically  dependent  on  a  number  of 
genes,  not  on  a  single  gene  (Marble,  1943).  A  greater  varia¬ 
tion  in  length  than  in  breadth  of  the  egg  also  has  been  observ- 
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TABLE  1.  Average  weight,  surface  area  and  shape  index  of  chicken  eggs. 


Size* 

N 

Weight  (gm) 

Before  After 

boiling  boiling 

Surface  area 

(cm^) 

Shape  Index 

Extra- 

22 

66.30 

66.10 

76.08 

74.90 

large 

±0.35 

±0.40 

±0.30 

±0.48 

Large 

56 

59.52 

59.11 

71.36 

75.90 

±0.27 

±0.33 

±0.75 

±0.95 

Medium 

61 

53.60 

53.36 

64,45 

74.63 

±0.76 

±0.85 

±0.91 

±1.29 

Small 

23 

46.60 

46.47 

59.93 

74.80 

±0.43 

±0.57 

±0.50 

±0.79 

Pee-wee 

39 

34.90 

34.36 

48.45 

74.62 

±0.69 

±0.69 

±0.77 

±0.61 

^4, 

,196  385.87 

251.68 

135.51 

3.34 

P 

<0.001 

<0.001 

<0.001 

NS 

Values  are 

mean 

±  SE.  *  size 

of  egg  was 

classified  according 

to  the  USDA 

minimal  weight  standards.  N  =  number  of  eggs. 


ed  (Curtis,  1914).  The  desired  commercial  hen's  egg  shape 
index  is  about  74,  with  a  blunt  and  pointed  end  and  a  weight  of 
about  58  gm.  (Carter,  1968).  According  to  the  USDA  classified 
standards  this  is  a  large  egg. 

Table  2  shows  the  influence  of  size  on  the  component  parts 
of  the  egg.  As  expected,  large  eggs  generally  contain  greater 
weight  in  all  component  parts.  The  correlation  coefficients 
(r)  between  the  weight  of  the  whole  egg  and  the  weight  of  the 
albumen,  yolk,  and  shell  (plus  membranes)  were  0.9979,  0.9770, 
and  0.9960  respectively.  The  percentage  of  component  parts  in 
each  of  the  egg  sizes  were  markedly  different.  These  data  are 
summarized  in  Table  3.  In  general  large  eggs  contain  a  greater 
proportion  of  albumen  and  less  yolk  than  smaller  eggs.  The 
percentage  of  shell  (plus  membranes)  was  relatively  constant  in 
all  egg  sizes.  These  findings  agree  closely  with  earlier 
resports  (Atwood  and  Weakly,  Jr.,  1917;  Romanoff  and  Romanoff, 

1949;  Scheinberg  ^  AL*  »  1953;  Marion  1966). 

The  result  of  this  study  has  particular  interest.  The 
method  used  by  all  previous  investigations  for  the  distribution 
of  component  parts  of  the  egg  was  generally  done  by  breaking 
the  shell  of  a  raw  egg,  then  separating  the  "wet"  albumen  from 
the  "wet"  yolk  and  "wet"  shell  with  a  household  type  separator, 
or  by  a  method  of  repeated  transfer  from  one  spoon  to  another. 
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TABLE  2.  Influence  of  size  on  the  weight  of  egg  component  parts. 


Size* 

N 

Weights  (qm) 

Albumen 

"~"ToTF 

Sheell  S  Membrane 

Whole  Egg 

Extra- 

22 

41.23 

17.05 

7.23 

66.10 

Large 

±0.44 

±0.15 

±0.13 

±0.40 

Large 

56 

35.66 

16.55 

6.35 

59.11 

±0.27 

±0.24 

±0.12 

±0.33 

Medium 

61 

31,74 

15.73 

5.80 

53.36 

±0.34 

±0.18 

±0.06 

±0.85 

Small 

23 

26.72 

14.67 

4.80 

46.47 

±0.66 

±0.33 

±0.10 

±0.57 

Pee-wee 

39 

19.50 

10.70 

3.70 

34.36 

±0.33 

±0.49 

±0.08 

±0.69 

^4. 

196  399.82 

67.16 

152.05 

251.68 

P 

<0.001 

<0.001 

<0.001 

<0.001 

Values 

are  i 

mean  ±  SE. 

*  size  of 

egg  was  classified 

according  to  the 

USDA  minimal 

weight  standards.  N  = 

=  number  of  eggs. 

The  ■ 

'wet" 

procedure  is 

difficult 

to  control  and  to  estimate 

the 

amount  of 

albumen  adhering  to 

the  shell  and  the 

yol  k. 

In 

contrast,  the  "dry"  method  used  in  this  study  simplified  the 
separation  procedure  and  reduced  the  variations  due  to  albumen 
adherence. 

In  summary,  the  data  presented  here  clearly  indicate  that 
following  decades  of  genetic  selection  the  basic  characteristic 
components  of  a  chicken  egg  has  not  changed.  The  bigger  the 
egg,  the  greater  the  percentage  of  egg  is  white  (albumen)  and 
the  smaller  percentage  of  egg  is  yolk,  while  the  amount  of 
shell  remains  the  same  percentage  in  all  sizes  of  eggs.  Figure 
1  depicts  these  relationships.  Furthermore,  the  present 
findings  are  consistent  with  the  concept  that  the  only  practi¬ 
cal  means  of  genetically  changing  the  proportionate  parts  of 
the  egg  is  by  altering  the  egg  size  (Marion  1964;  Hill 

1966). 
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TABLE  3.  Influence  of  size  of  the  egg  on  the  proportional 
amounts  of  its  major  component  parts. 


Percent 

Size* 

N 

Albumen 

Yolk 

Shell  &  membranes 

Extra- 

22 

62.35 

27.12 

10.53 

large 

±0.32 

±0.28 

±0.22 

Large 

56 

60.69 

28.72 

10.65 

±0.28 

±0.27 

±0.17 

Medium 

61 

59.58 

29.44 

10.91 

±0.37 

±0.36 

±0.14 

Small 

23 

57.51 

31.53 

10.96 

±0.76 

±0.66 

±0.35 

Pee-wee 

39 

56.80 

32.10 

11.10 

±0.95 

±0.34 

±0.15 

*'4,196 

12.81 

21.99 

1.31 

P 

<0.001 

<0.001 

NS 

Values  are  mean  ±  SE.  *  size  of  egg  was  classified  according  to  the 
USDA  minimal  weight  standards.  N  -  number  of  eggs. 


T> 

Q) 

ST 


Relationship  between  the  weight  of  the  egg  and,  A,  the  actual,  and  B,  the  percentage 
Its  major  component  parts. 
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ABSTRACT 

Boolean  algebra  is  a  popular  source  for  self-contained  projects  and 
lectures  for  bright  young  students  in  mathematics.  The  usual  application 
given  is  to  switching  circuits.  In  this  note,  applications  in  classical 
genetics  are  developed.  The  presentation  of  a  Boolean  model  of  genetic 
inheritance  ought  to  catch  the  imaginations  of  young  mathematics  and  computer 
science  students  who  are  also  studying  biology. 


Nature  never  makes  a  mistake.  To  whatever  question  we  ask,  Nature 
replies  with  the  correct  answer.  Our  understanding  of  Nature's  reply  may  be 
imperfect  or  Incomplete.  We  may  not  even  have  asked  the  question  which  we 
intended  to  ask,  but  we  may  be  sure  that  Nature's  answer  to  the  question  as 
actually  asked  is  the  correct  one.  Every  experiment  or  action  on  our  part  is, 
in  essence,  a  question  asked  of  Nature.  The  systematic  asking  of  questions 
and  the  cataloging  of  Nature's  answers  constitute  experimental  science. 

Bounding  and  characterizing  the  sets  of  possible  or  probable  answers  with 
which  Nature  has  replied  or  will  reply  to  our  questions  are  the  tasks  of 
applied  mathematicians  and  theoretical  scientists.  The  distinguished  Russian 
physicist,  Yu.  I.  Manin,  (Manin,  1981)  emphasizes  the  set-theoretic  basis  for 
our  understanding  of  the  natural  world  when  he  writes  that  "the  most  important 
sets  for  physicists  are  not  the  sets  of  objects,  but  sets  of  possibilities." 

The  answer  set  of  Nature's  direct  replies  may  not  be  in  a  form  convenient 
for  our  study.  Even  so  simple  an  experiment  as  tossing  a  coin  onto  a  table 
leaves  only  the  absolute  record  of  a  coin  on  a  tabletop.  The  head  may  be 
showing,  or  the  opposite  side  of  the  coin  may  be  turned  upward.  All  rotations 
of  the  coin  with  respect  to  the  edges  of  the  top  are  possible.  The  center  of 
mass  of  the  coin  may  be  supported  at  any  point  of  the  surface  to  the 
tabletop.  If  we  are  only  interested  in  the  properties  of  the  coin  as  a  device 
for  registering  one  of  two  possible  states,  then  most  of  the  Information  in 
Nature's  answer  set  Is  irrelevant.  By  ignoring  the  angular  orientation  of  the 
coin  and  the  position  of  its  center,  the  answer  set  may  be  represented  as 
{H,  T} .  However,  this  set  is  only  an  abstract  representation  of  the  possible 
real  results  of  a  toss  since  no  capital  letter  T  ever  physically  appears  on 
the  table  in  the  place  of  a  coin. 

It  may  well  be  that  results  from  many  disparate  branches  of  mathematics 
are  required  in  deciding  upon  the  equivalence  of  various  representations  of  an 
answer  set.  Each  experimental  result  is,  in  effect,  a  statement  made  by 
Nature.  In  the  event  that  only  two  truth  values  may  be  associated  with  each 
possible  statement,  the  answer  set  may  be  able  to  sustain  the  structure  of  a 
binary  Boolean  algebra.  The  following  example  provides  such  an  answer  set. 

Example  1 .  Suppose  that  we  toss  a  coin  onto  the  tabletop  as  described 
above . 

Let  the  symbols  H,  T,  nH,  and  nT  denote  the  following  statements: 

H  =  the  coin  shows  a  head; 

T  =  the  coin  shows  a  tail; 
nH  -  the  coin  does  not  show  a  head; 
nT  =  the  coin  does  not  show  a  tail. 
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With  the  standard  Boolean  notation  that  P(Q)  means  "P  and  Q,"  Nature's  reply 
to  the  coin  toss  will  belong  to  {H(nT),  T(nH)}.  That  is,  we  will  observe  a 
head  and  not  a  tail,  or  we  will  observe  a  tail  and  not  a  head.  We  must  take 
care  to  write  "H(nT)"  and  "T(nH)"  since,  when  we  toss  the  coin  twice,  we  will 
be  interested  in  the  "exclusive  or."  Since  the  "exclusive  or"  can  be  written 
as  H(nT)  +  T(nH) ,  we  will  be  able  to  compute  in  a  binary  Boolean  algebra  of 
"and"  and  "or."  Further,  since  it  is  axiomatic  that  exactly  one  statement 
from  the  answer  set  must  be  made  after  each  experiment,  the  statement 
H(nT)  +  T(nH)  must  also  be  made  in  response  to  an  experiment.  This  compound 
statement  lists  all  possible  results. 

Now  suppose  that  we  repeat  the  coin  toss.  To  avoid  unnecessary  notation, 
we  shall  not  use  indices  to  distinguish  between  the  first  and  second  tosses. 
Therefore  the  statement  H(nT)T(nH)  must  be  taken  to  mean  "head  and  not  tail  on 
the  first  toss  and  tail  and  not  head  on  the  second  toss."  The  statement  which 
lists  all  possibilities  for  two  tosses  is  (H(nT)  +  T(nH))  (H(nT)  +  T(nH))  = 
H(nT)H(nT)  +  H(nT)T(nH)  +  T(nH)H(nT)  +  T(nH)T(nH). 

If  we  also  let  H  and  T  mean  H(nT)  and  T(nH),  respectively,  then  the 
"exclusive  or"  which  lists  all  possibilities  for  two  tosses  takes  the  form 
HH  +  HT  +  TH  +  TT.  We  do  not  use  the  Boolean  axion  HH  =  H  since,  in  the  term 
HH,  the  first  H  refers  to  the  first  toss  while  the  second  H  refers  to  the 
second  toss. 

If  the  order  of  obtaining  heads  and  tails  does  not  matter,  we  write  + 
2HT  +  T''2.  By  induction,  we  can  list  all  possibilities  together  with  their 
relative  frequencies  for  K  tosses  by  expanding  (H  +  T)''K.  Counting  by 
polynomial  multiplication  is  well  known.  Such  counting  is  simply  a  shorthand 
notation  for  the  extended  Boolean  product  of  statements  listing  all  outcomes 
for  each  trial. 

Example  2.  As  another  example  of  counting  by  polynomial  multiplication, 
consider  tossing  a  regular  tetrahedron  which  has  each  face  colored 
differently.  Suppose  that  we  take  each  outcome  to  be  specified  by  the  face 
which  is  downward  when  the  tetrahedron  comes  to  rest.  Let  the  faces  be 
red  (R),  blue  (B),  green  (G) ,  and  yellow  (Y).  One  possible  statement 
following  a  single  toss  is  R(nB) (nG) (nY) .  The  form  of  each  of  the  other  three 
possible  statements  is  obvious.  If  the  factors  nR,  nB ,  nG,  and  nY  are 
suppressed,  the  polynomial  (R  +  B  +  G  +  Y)'‘K  lists  all  results  with  their 
frequencies  for  K  tosses  when  the  order  of  obtaining  the  colors  is 
Irrelevant.  If  the  experiment  with  the  tetrahedron  is  followed  by  the  N 
tosses  of  a  coin,  all  results  of  the  compound  experiment  are  listed  by 
[(R  +  B  +  G  +  Y)"K][(H  +  T)"N].  The  Boolean  basis  for  the  counting  procedure 
should  become  obvious.  From  a  combinatorial  point  of  view,  the  procedure  can 
also  be  justified  by  the  multiplication  principle  for  counting. 

Binary  Boolean  algebra  serves  as  a  popular  source  for  self-contained 
projects  and  lectures  for  bright  young  students  in  mathematics.  The  usual 
application  is  to  switching  circuits.  The  demonstrated  relationship  between 
abstract  mathematics  and  a  physical  system  of  wires,  batteries,  light  bulbs, 
and  switches  is  sure  to  catch  the  imagination  of  a  young  and  eager  audience. 
The  primary  motivation  for  this  note  was  the  realization  that  experiments  in 
Mendellan  genetics  also  give  rise  to  a  binary  Boolean  algebra  if  outcomes  are 
regarded  as  statements  by  Nature.  The  correlations  between  abstract 
mathematics  and  biological  systems  ought  to  prove  as  interesting  to  beginning 
students  as  do  the  Isomorphisms  between  combinations  of  statements  and 
combinations  of  switches. 

The  words  "chromosome"  and  "gene"  are  in  the  vocabularies  of  all 
secondary  school  science  students  today  (Gottfried  et.  al.,  1983).  The  normal 
human  being  carries  twenty-three  paires  of  chromosomes  in  most  of  his  cells. 
The  members  of  each  pair  of  chromosomes  are  said  to  be  homologous.  With  the 
exception  of  the  paired  sex  determining  chromosomes  in  males,  homologous 
chromosomes  are  identical  in  their  macrostructure.  Each  chromosome  is  long 
and  string-like  in  form.  Genetic  Information  is  encoded  on  each  chromosome  in 
a  linear  sequence.  The  specific  storage  structures  for  genetic  information 
are  the  individual  genes  carried  by  the  chromosome.  In  homologous 
chromosomes,  corresponding  genes  occur  in  the  same  order  in  the  linear 
array.  Matching  genes  from  homologous  chromosomes  need  not  be  identical. 
Such  matching  genes  which  are  not  identical  are  called  alleles. 

In  each  pair  of  homologous  chromosomes  possessed  by  an  individual,  one 
chromosome  was  contributed  by  the  Individual's  mother  and  the  other  chromosome 
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was  contributed  by  the  father.  The  traits  which  an  individual  inherits  from 
his  parents  are  determined  by  the  various  match-ups  between  corresponding 
identical  genes  or  alleles  in  his  own  twenty-three  pairs  of  homologous 
chromosomes.  Let  us  suppose  that  there  exist  alleles  A(l),  A(2),...A(N) 

which,  in  unordered  pairs,  determine  a  particular  hereditary  trait.  Then  all 
different,  unordered  pairs  are  genetically  distinguishable  and  represent 
distinct  genotypes.  However,  not  all  genotypes  need  yield  different 
variations  of  the  trait  to  be  inherited.  That  is,  the  number  of  possible 
variations  of  a  particular  trait  may  be  less  than  the  number  of  possible 
genotypes . 

Two  examples  should  make  clear  the  appropriateness  of  a  Boolean  model  in 
genetics . 

Example  3.  Suppose  that  the  pairings  A(k)A(j)  and  A(k)A(k) ,  with  j  not 
equal  to  k,  realize  the  same  variation  in  a  trait.  Then  two  individuals  might 
represent  different  genotypes  but  be  indistinghishable  with  respect  to  the 
trait  determined  by  the  alleles.  However,  with  respect  to  passing  the  trait 
along  to  the  next  generation,  the  genotypes  are  different. 

The  creation  of  an  offspring  by  sexual  reproduction  represents  a 
statement  by  Nature  in  reply  to  a  question  by  a  man  and  a  woman.  Suppose  that 
the  prospective  parents  have  the  pairing  of  alleles  A(j)A(k)  and  A(l)A(m). 
From  one  parent,  the  offspring  will  receive  one  but  not  both  the  alleles  A(j) 
or  A(k)  while,  from  the  other  parent,  he  will  receive  exactly  one  of  A(l)  or 
A(m) .  Thus  Nature  will  make  the  following  statement  concerning  the  child; 

(A(j)  exclusive  or  A(k))  and  (A(l)  exclusive  or  A(m)). 

We  can  condense  this  statement  just  as  we  condensed  the  statements  about 
the  tossing  of  coins.  Thus  the  meaning  of; 

(A(j)  +  A(k))(A(l)  +  A(m))  = 

A(j)A(l)  +  A(j)A(m)  +  A(k)A(l)  +  A(k)A(m) 


should  be  clear. 

Example  4.  The  chromosomes  which  determine  the  sex  of  an  offspring  are 
denoted  by  X  and  Y.  The  male  offspring  has  the  pair  XY  while  the  female  has 
the  pair  XX.  The  genes  which  determine  blood  type  are  not  sex  linked.  That 
is,  they  are  not  carried  by  the  sex  chromosomes.  There  are  three  alleles  for 
blood  type:  A,  B,  and  i.  The  pairing  of  chromosomes  AA  yields  blood  of  type 
A  while  BB  yields  blood  of  type  B.  In  the  pairings  Ai  and  Bl,  1  is  always 
recessive,  resulting  in  types  A  and  B  respectively.  In  the  pairing  AB, 
neither  allele  is  dominant,  and  the  result  is  blood  of  type  AB,  The  genotype 
ii  corresponds  to  blood  of  type  0.  Then  all  genotypes  with  respect  to  sex  and 
blood  type  for  offspring  from  a  mother  with  blood  type  AB  and  a  father  with 
blood  type  A  from  genotype  Ai  are  listed  by: 

[(X  +  X)(A  +B)][(X  +  Y)(A  +  1)]  = 

2(XA  +  XB)(XA  +  Xi  +  YA  +  Yi)  = 

2(XXAA  +  XXAl  +  XXAB  +  XXBl  +  XYAA  +  XYAi  +  XYAB  +  XYBi). 

The  factor  2  is  irrelevant  and  may  be  dropped  in  presenting  the  listing 
of  all  possibilities.  All  genotypes  as  listed  have  the  same  relative 
frequency  of  occurrence. 

The  last  example  is  Intended  to  serve  only  as  an  illustration  of  the  use 
of  Boolean  algebra  in  genetics.  The  example  is  not  intended  as  a  lesson  in 
genetics  per  se.  Many  obvious  points,  including  Rh  factors  and  mutations, 
have  been  ignored  in  the  search  for  a  simple  example. 

Almost  every  mathematician  who  dwells  upon  what  mathematicians  do 
emphasizes  that  mathematicians  look  for  patterns  and  logical  structure  in  the 
world  about  them.  The  observation  that  physical  and  biological  experiments 
may  lead  directly  to  answer  sets  which  can  be  Interpreted  as  Boolean  algebras 
seems  a  nontrivial  one.  It  is  the  sort  of  observation  that  a  mathematician 
ought  to  make.  At  the  very  least,  it  is  an  observation  which  should  catch  the 
imagination  of  young  students  who  have  studied  biology  and  have  also 
encountered  switching  circuits  through  work  with  the  computer. 
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abstract! 

Studies  were  conducted  for  preliminary  identification  of 
metabolites  exuded  by  annual  grasses  following  foliar  treatment  with 
the  butyl  ester  of  the  herbicide  fluazifop  [(±)“2-[4-[[5-(trifluoro- 
methyl )-2-pyridinyl]oxy]phenoxy]propanoic  acid].  The  fate  of  the 
compound  when  applied  in  nutrient  solution  was  also  investigated. 

The  predominant  compound  present  following  root  or  shoot  exposure 
co-chromatographed  with  fluazifop,  the  acid  resulting  from  hydroly¬ 
sis  of  the  herbicide.  The  butyl  ester  of  fluazifop  was  not  re¬ 
covered  in  the  hydroponic  solution  following  root  or  shoot  exposure. 
Other  compounds  more  polar  than  the  butyl  ester  were  also  separated. 
Acid  hydrolysis  of  aqueous  fractions  indicated  that  polar,  acid- 
labile  conjugates  of  fluazifop  may  comprise  part  of  the  exuded 
metabolites. 


INTRODUCTION 

The  butyl  ester  of  fluazifop  provides  postemergence  control  of 
many  annual  and  perennial  grasses  in  broadleaf  crops  (Stonebridge, 
1981).  Preemergence  grass  control  is  observed  at  application  rates 
greater  than  that  required  for  postemergence  control  (Derr,  et  al . , 
1985a).  The  compound  is  xylem  and  phloem  mobile  and  can  be  exuded 
in  some  form  through  roots  of  certain  annual  grasses  (Derr,  et  al . , 
1985b).  The  butyl  ester  of  fluazifop  is  rapidly  hydrolyzed  in 


^Mention  of  commercial  products  or  companies  does  not  imply 
endorsement  or  recommendation  over  others  not  mentioned. 
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grasses  to  the  acid  (Hendley,  et  al . ,  1985;  Stonebridge,  1981),  The 
acid  is  considered  to  be  the  herbicidally  active  and  mobile  form  of 
the  compound. 

Experiments  were  conducted  to  determine  the  nature  of  compounds 
exuded  by  roots  following  foliar  application  of  radiolabeled 
fluazi fop-butyl  to  certain  annual  grasses.  Preliminary  metabolite 
identification  was  also  performed  on  the  hydroponic  solutions 
following  nutrient  solution  application. 


MATERIALS  AND  METHODS 

Seed  of  goosegrass  (Eleusine  indica  Gaertn.},  large  crabgrass 

[Digi taria  sanguinal is  (L.y Scop.1  and  giant  foxtail  (Setaria  faberi 
Herrm. )  were  germinated  in  flats  containing  sand.  These  three 
annual  grasses  differ  in  their  tolerance  to  fluazifop,  with  goose- 
grass  being  the  most  sensitive  and  giant  foxtail  the  most  tolerant 
at  pretillering  growth  stages  (Derr,  et  al . ,  1985a).  Plants  were 
fertilized  daily  with  half-strength  Hoagland's  solution  (Hoagland 
and  Arnon,  1950).  Plants  at  the  two-leaf  stage  were  transferred  to 
50-ml  flasks  containing  half-strength  Hoagland's  solution.  The 
flasks  were  wrapped  with  aluminum  foil  to  exclude  light.  The 
nutrient  solution  was  replaced  after  four  days  with  fresh  half¬ 
strength  Hoagland's  solution.  The  butyl  ester  of  fluazifop,  labeled 
with  ^*^0  in  the  propionic  side  chain  (specific  activity  21.5 
mCi/mmole),  was  used  in  all  studies.  A  5  yl  droplet  containing  0.03 
yCi  of  the  labeled  herbicide,  water  and  1%  crop  oil,  was  applied  to 
the  third  leaf,  counting  from  the  oldest  leaf,  or  the  nutrient 
solution.  The  nutrient  solution  from  both  methods  of  application 
was  analyzed  for  radioactivity  4  days  after  application.  The 
experiment,  a  randomized  complete  block  design  with  four  replica¬ 
tions,  was  repeated,  with  the  reported  results  an  average  of  the  two 
runs. 


A  1-ml  aliquot  of  the  nutrient  solution  was  added  to  15  ml 
scintillation  cocktail  consisting  of  6  g  PPO  (2,5-diphenyloxazole) , 
0.3  g  POPOP  [2,2' -p-phenylenebis(4-methyl-5-phenloxazole)]  and  333 
ml  octoxynol  added  to  666  ml  of  toluene.  The  samples  were  analyzed 
for  I'+C  using  liquid  scintillation  spectrometry.  The  remaining 
hydroponic  solution  was  extracted  twice  for  one  minute  with  50  ml  of 
ii-hexane.  The  aqueous  sample  was  then  acidified  to  pH  less  than  2 
using  concentrated  HCL.  The  sample  was  extracted  twice  for  one 
minute  with  50  ml  of  diethyl  ether.  The  hexane  and  ether  extracts 
were  evaporated  to  dryness  using  a  rotary  evaporator  and  redissolved 
in  2  ml  of  n-hexane  or  methanol,  respectively.  A  100-yl  aliquot  of 
n-hexane  and  ether  extracts  and  a  1  ml  sample  of  remaining, 
extracted  aqueous  fractions  were  assayed  for  radioactivity.  The 
replicates  were  combined  for  each  solvent,  n-hexane  or  ether,  and 
concentrated  under  nitrogen.  The  replicates  of  aqueous  fractions 
were  combined  and  acid-hydrolyzed  for  one  hour  (pH  approximately  1) 
at  60  C.  The  water  fractions  were  then  extracted  twice  with  diethyl 
ether.  This  second  ether  fraction  was  evaporated  to  dryness  under 
reduced  pressure  and  redissolved  in  1  ml  of  methanol.  The  remaining 
aqueous  solution  and  second  ether  fraction  were  assayed  for  radio¬ 
activity. 

Radiolabeled  forms  of  the  butyl  ester  of  fluazifop  and  of 
fluazifop  were  used  to  test  the  separation  ability  of  the  extraction 
scheme.  Essentially  all  (98%)  of  the  butyl  ester  form  was  recovered 
in  the  hexane  fraction  with  the  remainder  recovered  in  the  ether 
fraction.  The  majority  (98%)  of  the  parent  acid  form  was  recovered 
in  the  ether  fraction  with  the  remainder  having  been  recovered  in 
the  hexane  fraction. 


recovered  in  extractions  performed  on  the  nutrient  solution  4  days  after 
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A  50-ul  aliquot  of  n-hexane  and  both  ether  extracts  were 
individually  spotted  on  silica  gel  thin-layer  chromatographic 
plates^.  Standards  of  unlabeled  and  ^‘^C-labeled  fluazifop  and  butyl 
ester  of  fluazifop  were  also  spotted  on  the  plates.  The  plates  were 
developed  in  hexane:diethyl  ether:acetic  acid  (60:40:1.5  v/v/v). 
Standards  and  unknown  compounds  were  detected  using  a  spark  chamber^ 
to  detect  radioactivity  and  by  UV  absorbance.  The  ratio  (Rr)  of 
distance  migrated  by  each  spot  to  the  distance  migrated  by  the 
solvent  front  was  calculated.  One-cm  sections  of  the  thin  layer 
plates  were  scrapped  into  scintillation  vials  and  assayed  for 
radioactivity. 


RESULTS  AND  DISCUSSION 

The  amount  of  recovered  in  the  nutrient  solution  ranged 
from  2.2  to  2.7%  of  that  applied  to  the  foliage  (Table  1).  Root 
exudation  of  fluazifop  could  be  a  detoxification  mechanism  in 
grasses.  No  differences  were  detected  in  the  amount  of  radioactivi¬ 
ty  exuded  by  each  species  tested.  Between  6.8  and  9.6%  of  the 
exuded  material  separated  into  the  hexane  fraction.  The  majority  of 

was  recovered  in  the  ether  fraction  with  approximately  20% 
remaining  in  the  aqueous  fraction.  Results  are  comparable  to  those 
reported  for  extraction  of  quackgrass  [Agropyron  repens  (L.)  Beauv.] 
tillers  following  foliar  I'+C-fluazi fop-butyl  application  (Hendley, 
et  al.,  1985). 

Only  slight  amounts  of  radioactivity  separated  into  the  hexane 
fraction  following  extraction  of  the  Hoagland's  solution  from 
nutrient-solution-treated  plants  (Table  1).  Approximately  95%  of 
^*^0  was  recovered  in  the  ether  fraction.  Distribution  of 
radioactivity  in  the  various  fractions  was  similar  for  each  species. 
Since  most  of  the  butyl  ester  standard  of  fluazifop  separated  into 
the  hexane  fraction  of  the  extraction  scheme,  most  of  the  recovered 
radioactivity  appears  to  be  metabolites  of  the  applied  compound. 

Fluazifop  had  an  Rr  of  0.2  in  the  thin-layer  chromatography 
system  while  the  butyT  ester  of  fluazifop  had  an  Rr  of  0.7. 
Approximately  50%  of  the  exuded  radioactivity  (from  foliar  applica¬ 
tions)  co-chromatographed  with  fluazifop  (Table  2).  Between  10  and 
19%  remained  at  the  origin.  Thus,  this  fraction  does  contain  very 
polar  metabolites  as  migration  under  these  chromatography  conditions 
would  be  highest  for  lipophilic  compounds  and  lowest  for  polar 
compounds.  The  butyl  ester  of  fluazifop  was  not  recovered  in  the 
nutrient  solution.  Metabolites  more  polar  than  the  butyl  ester  of 
fluazifop  but  less  polar  than  the  parent  acid  were  also  separated. 
The  major  compound  recovered  from  the  tillers  and  rhizomes  of 
quackgrass  treated  with  the  butyl  ester  of  fluazifop  was  fluazifop 
(Hendley,  et  al . ,  1985). 

Approximately  75%  of  the  recovered  from  the  Hoagland's 
solution  of  nutrient-solution-treated  plants  co-chromatographed  with 
fluazifop  (Table  2).  The  butyl  ester  of  fluazifop  was  not  recovered 
in  the  nutrient  solution.  Apparently  the  butyl  ester  of  fluazifop 
is  rapidly  hydrolyzed  in  solution  to  the  free  acid.  This  modifica¬ 
tion  to  the  chemical  structure,  perhaps  mediated  by  microbial 
esterases,  may  affect  subsequent  absorption  by  plant  roots.  A 
small  amount  of  radioactivity  was  recovered  at  or  near  the  origin  of 
the  thin-layer  plate.  Compounds  with  an  Rr  between  that  of  the 
ester  and  the  acid  forms  of  the  herbicide  were  also  separated. 


^LK6DF,  Whatman  Chemical  Separation  Inc.,  Clifton,  NJ  07014, 
^Birchover  Spark  Chamber,  Birchover  Instruments  Ltd.,  England. 


Table  2.  Th1n-layer  chromatography  of  n-hexane  and  ether  fractions  and  radioactivity  remaining  in  the 
water  fraction  following  extraction  of  the  nutrient  solution  4  days  after  foliar  or  nutrient  solution 
^^C-f 1 uazi fop-butyl  appl 1 cati on° . 
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Radioactivity  recovered  from  thin  layer  plates  following  scrapping  of  one-cm  sections  into 
scintillation  vials  and  assaying  for 
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The  radioactivity  remaining  in  the  water  fraction  following 
solvent  extraction  of  the  nutrient  solution  of  fol iar-treated  plants 
was  recovered  in  the  ether  fraction  following  acid  hydrolysis  (Table 
3).  Part  of  the  radioactivity  in  the  ether  fraction  remained  at  the 
origin  with  the  remainder  co-chromatographing  with  fluazifop  in  the 
thin-layer  system.  Acid  hydrolysis  would  release  fluazifop  if  the 
water  fraction  contained  acid  labile  conjugates  of  the  compound. 
Acid  hydrolysis  of  the  water  fraction  from  plants  treated  with  the 
methyl  ester  of  diclofop  yielded  several  metabolites  including 
diclofop  (Boldt  and  Putnam,  1981).  The  radioactivity  remaining  at 
the  origin,  perhaps  unhydrolyzed  conjugates,  may  be  similar  to  that 
remaining  at  the  origin  following  thin-layer  separation  of  hexane 
and  ether  fractions  (Table  2). 

Only  a  portion  of  the  radioactivity  was  recovered  in  the  ether 
fraction  following  acid  hydrolysis  of  the  aqueous  fraction  from 
nutrient-solution-treated  plants  (Table  3).  Thin-layer  chromato¬ 
graphy  showed  radioactivity  remaining  at  the  origin  and  also  a 
metabolite  co-chromatographing  with  fluazifop.  Another  metabolite 
was  detected  in  hydrolysis  extracts  of  the  nutrient  solution  of 
giant  foxtail.  This  could  be  the  same  compound  detected  in  thin- 
layer  chromatography  of  hexane  and  ether  fractions. 

Each  of  the  annual  grasses  tested  exudes  several  metabolites, 
one  of  which  co-chromatographs  with  fluazifop,  following  foliar 
application  of  the  butyl  ester  of  fluazifop.  Polar  conjugation  of 
fluazifop  may  be  a  detoxification  mechanism  in  annual  grasses. 
Further  research  is  needed  to  determine  the  importance  of  metabolism 
and  root  exudation  of  fluazifop  in  the  sensitivity  of  annual  grasses 
to  this  herbicide. 


Table  3.  Rp  values  from  thin-layer  chromatography  of  the  ether 
extract  and  ^  remaining  in  the  water  fraction  following  acid 
hydrolysis  of  the  water  fraction  extract  of  the  nutrient  solution  4 
days  after  foliar  or  nutrient  solution  ^^^C-fluazifop-butyl  appli- 
cation°. 


Foliage  Treatment 

Nutrient 

Solution  Treatment 

Water 

Water 

Species 

0  0.2  fraction 

0  0.20  0.55  fraction 

{%  of  recovered 


Goosegrass 

39 

61 

- 

5 

22 

- 

72 

Large  crabgrass 

41 

59 

- 

11 

16 

_ 

73 

Giant  foxtail 

49 

51 

_ 

2 

26 

5 

67 

^Fluazifop  had  an  Rp  of  0.2  in  the  thin-layer  chromatography  system. 


METABOLITES  RECOVERED  IN  NUTRIENT  SOLUTION 
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VIRGINIA  ACADEMY  OF  SCIENCE 


Proposed  Budget  for  1986- 


SENIOR  ACADEMY 

Dues:  (a) 

student 

Regular 

Contributing 

Sustaining 

Business 

Life 

Delinquent 

Advance 


RECEIPTS 


SUB  TOTAL 


Gifts  fi  Grants 
Interest 

Annual  Meeting  Income 
Va.  Journal  of  Science 
Trust  Fund 
Exhibitor  Fees 

OTHER-  Contribution  to  Research  Fund 
Misc. 

SUB  TOTAL  SENIOR  ACADEMY 


JUNIOR  ACADEMY 
Dues 

AAAS  Awards  Fund 

Annual  Meeting 

VAS  Supplement  (transfer) 

Gifts 

Awards  Income 


SUB  TOTAL  JUNIOR  ACADEMY 

TOTAL 


1,700 

24,500 

2,000 

3,500 

3,000 


34,700 


4,000 

3,000 

5,900 

4,000 

2,000 


53,600 


8,600 

1,000 

6,000 

2,500 

4,400 

4,800 

27,300 

80,900. 


foot  note  (a) .  Predicated  upon  no  decrease  in  membership  and,  upon 
the  current  dues  structure. 


awb;  10/10/85 
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Proposed  Budget  for  1986-  DISBURSEMENTS 

SENIOR  ACADEMY 

Salary-  Exec.  Sec'y-Treasurer  4,000 

GENERAL  Office  Supplies  &  Equip.  900 

Printing  S  Sectional  Expenses  2,200 

Telephone  400 

Postage  350 

Audit  S  Tax  Service  475 

Travel-  AAAS  600 

Dues-  to  AAASads  Sci .  150 

Administrative  S  Computer  Expenses  2,500 

FICA-tax  500 

ANNUAL  MEETING;  Program, Registration, Other  3,750 

Honorarium (speaker)  200 

President's  Contingency  Fiand  100 

VISITING  SCIENTISTS  PROGRAM  1,500 


Va . Journal  of  Science  10,900 


RESEARCH  GRANTS  4,000 


VJAS  SUPPLEMENT  (transfer)  2,500 

Flora  Committee  300 

Liability  Insurance  500 

SUB  TOTAL  35,800 

JUNIOR  ACADEMY 

Annual  Meeting  9 , 500 

Proceedings  4 , 500 

Administrative  (see  attached)  7,700 

Meetings  (Winter  &  Summer)  600 

AJAS-  Travel  &  Lodging  3,000 

AAAS  Grants  1,000 

Director's  Expense  500 

Misc.  500 

SUB  TOTAL  27,300 

TOTAL  63,125 


Contingency  and  Investment  Funds 


17,775 


GRAND  TOTAL  80,900 


awb  10/10/85 
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JEFFRESS  RESEARCH  GRANT  AWARDS 


The  Allocations  Committee  of  the  Thomas  F.  and  Kate  Miller  Jeffress 
Memorial  Trust  has  announced  the  award  of  Jeffress  Research  Grants  to 
the  institutions  listed  below  to  support  the  research  of  the 
investigator  whose  name  is  given.  The  Jeffress  Trust,  established  in 
1981  under  the  will  of  Mr.  Robert  M.  Jeffress,  a  business  executive  and 
philanthropist  of  Richmond,  supports  research  in  chemical,  medical,  and 
other  natural  sciences  through  grants  to  non-profit  research  and 
educational  institutions  in  the  Commonwealth  of  Virginia.  The  Jeffress 
Research  Grants  being  announced  here  have  been  awarded  in  1985. 

The  Jeffress  Memorial  Trust  is  administered  by  Sovran  Bank,  N.A. 
Additional  information  about  the  program  of  the  Trust  may  be  obtained  by 
writing  to:  Advisor,  Thomas  F.  and  Kate  Miller  Jeffress  Memorial  Trust, 
Trust  Department,  Sovran  Bank,  N.A.,  P.  0.  Box  26903,  Richmond, 
Virginia  23261. 


Michael  F.  Brown,  University  of  Virginia.  Structure  and  Molecular 
Dynamics  of  Unsaturated  Lipid  Bilayers.  $60,000  (three  years). 

Gregory  A.  Buck,  Virginia  Commonwealth  University.  Gene  Expression  in 
Parasitic  Trypanosomes.  $20,000  (two  years). 

Michel  J.  Cloutier  and  Charles  L.  Rutherford,  Virginia  Polytechnic 
Institute  and  State  University.  Cyclic  AMP  Dependent  Phosphorylation 
During  Cellular  Aging.  $9,830  (one  year  renewal). 

John  B.  Delos  and  Stephen  K.  Knudson,  The  College  of  William  and  Mary. 
Classical  and  Quantum  Mechanics  of  Atoms.  $20,000  (one  year  renewal). 

Douglas  E.  Dennis,  James  Madison  University.  Cloning  of  the  Beta- 
Ketothiolase  Gene.  $11,200  (one  year). 

Lehman  L.  Ellis,  Virginia  Institute  of  Marine  Science  of  The  College  of 
William  and  Mary.  Establishment  of  Oyster  Cell  Lines.  $35,000  (three 
years). 

Stephen  J.  Goldberg  and  J.  Ross  McClung,  Virginia  Commonwealth 
University.  Structure  -  Function  Relationships  in  Extraocular  Motor 
Units.  $32,000  (one  year  renewal). 

Kriton  K.  Hatzios,  Virginia  Polytechnic  Institute  and  State 
University.  Enhancement  of  Toxic  Oxygen  Species  Production  in  Pea 
Plants  Treated  with  Diphenyl  Ether  Herbicides  as  Influenced  by  Selected 
Stress  Factors.  $25,190  (two  years). 

Tomas  Hudlicky,  Virginia  Polytechnic  Institute  and  State  University. 
Exploration  of  New  Methods  for  Organic  Synthesis.  $25,000  (two  years). 

Irving  L.  Kron,  University  of  Virginia.  The  Effect  of  Renin  Angiotensin 
Blockade  on  Renal  and  Cardiovascular  Hemodynamics  Following  Thoracic 
Aortic  Cross-clamping.  $22,500  (one  year  renewal). 

Robert  J.  Moore,  Virginia  Commonwealth  University.  Picosecond  Dynamics 
of  Collision-free  Molecular  Vapors.  $65,000  (three  years). 

S.  Joseph  Poon,  University  of  Virginia.  Low  Temperature  Studies  of 
Amorphous  Metal  Films.  $22,500  (one  year). 

Jonathan  I.  Ravdin,  University  of  Virginia.  Entamoeba  hi stolytica : 
Mechanisms  and  Prevention  of  Amebic  Adherence  and  Cytolysi s.  $30,0^0 
(one  year  renewal ) . 
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Scott  R.  VandenBerg,  University  of  Virginia.  Biochemical 

Characterization  of  Normal  and  Neoplastic  Indoleamine  Receptors. 
$45,000  (three  years) . 

Richard  E.  Veilleux,  Virginia  Polytechnic  Institute  and  State 
University.  Potato  Improvement  via  Protoplast  Research.  $29,425  (two 

years) . 

Carlos  Villar-Palasi ,  University  of  Virginia.  Effect  of  Insulin  on 

Glycogen  Synthase  Independent  Kinases.  $41,477  (two  years). 

Robert  C.  Whisonant  and  Kimbell  L.  Knight,  Radford  University. 
Paleocurrent  and  Petrographic  Analysis  of  Shallow  to  Deep  Water 
Carbonate  Conglomerates  in  the  Upper  Cambrian  of  Southwestern 
Virginia.  $20,000  (one  year). 

Lloyd  Wol  finbarger.  Old  Dominion  University.  Illicit  Transport  in 
Cancer  Chemotherapy.  $8,150  (one  year  renewal). 


BACKGROUND  FACTS  ABOUT  THE  VIRGINIA  HERPETOLOGICAL  SURVEY: 


1954  Dr.  John  T.  Wood,  a  physician  in  family  medical 

practice  at  Burkeville,  VA,  until  the  early  1960*s, 
used  hospital  records  on  snakebite  accidents  to 
pinpoint  the  areas  where  venomous  snakes  actually 
occurred  producing  the  first  Virginia  range  maps 
for  the  copperhead,  cottonmouth,  and  rattlesnakes. 

1957  Formation  of  a  Virginia  state  society  for  both  the 
professional  herpetologists  and  interested  students 
of  herpetology  was  proposed  by  Franklin  Tobey  in  a 
feature  article  in  the  April  VIRGINIA  WILDLIFE. 

1958  The  Virginia  Herpetological  Society  was  founded  in 
March  with  six  co-founders  and  22  founding  members 
at  a  meeting  in  September  in  the  Richmond  vicinity. 

1959  First  firm  list  of  Virginia's  amphibians  and  reptiles 
was  published  in  the  September  VIRGINIA  WILDLIFE.  An 
estimated  150  varieties  were  believed  native  to  the 
state,  with  a  few  others  suspected  as  peripheral. 

1964  A  public  announcement  of  the  Virginia  Herpetological 
Survey  was  made  simultaneously  in  Norfolk  and  in 
Lynchburg,  VA,  by  Dr.  James  L.  Chamberlain,  then  an 
Associate  Professor  of  Biology  at  Randolph-Macon  Woman's 
College,  Lynchburg;  on  the  occasion  of  a  meeting  of 
the  state  society  at  the  Norfolk  Museum  of  Art  &  Science 

1966  A  society/survey  directorate  was  approved  by  the 

membership.  It  brought  all  interested  university  and 
college  biology  and  zoology  faculty  into  the  society 
with  the  title  of  director.  The  society  secretary 
became  "secretary  to  the  board  of  directors  of  VaHS." 

1978  The  Virginia  Herpetological  Society  and  Virginia 

Herpetological  Survey  applied  for  and  received  tax- 
exempt  status  under  Sec.  501  (c)  (3)  of  the  Internal 
Revenue  Code.  Both  the  Virginia  Herpetological  Survey 
and  its  parent,  the  Virginia  Herpetological  Society, 
are  on  the  current  list  of  tax-exempt  organizations. 
Donors  may  deduct  contributions  to  either  under  the 
provisions  of  section  170  of  the  Internal  Revenue  Code. 

1980  The  society  was  partly  reorganized  under  a  new  slate  of 
officers  in  1980-1981.  The  Survey  remained  under  the 
present  coordinator  until  publication  of  the  survey  maps 
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VIRGINIA'S 

AMPHIBIANS 

AND 

REPTILES 

A  OISTRIIUTIONAL  SURVfY 


VIRGINIA  HfflPETOUDGlCAL  SURVEY 


A  COMPREHENSIVE  INVENTORY  OF  ALL  145  KINDS 
OF  AMPHIBIANS  AND  REPTILES  NATIVE  TO  THE 
STATE  AND  ITS  COUNTIES,  BASED  ON  ACTUAL 
COLLECTING  RECORDS.  SIZE:  8^"  X  11". 

THIS  120-PAGE  BOOKLET  INCLUDES  TEXT  AND 
135  LOCALITY  (DOTTED)  MAPS.  IT  FEATURES 
AN  INDEX  CROSS-REFERENCED  TO  CONANT’S  1975 
FIELD  GUIDE  FOR  IDENTIFICATION  PURPOSES. 

IT  BRINGS  TOGETHER  IN  ONE  PLACE  FOR  THE 
FIRST  TIME  THE  EFFORTS  OF  MANY  HUNDREDS  OF 
VIRGINIA  HERPETOLOGICAL  SOCIETY  MEMBERS 
AND  THE  RECORDS  FROM  FIFTY  SCIENTIFIC  COL¬ 
LECTIONS  IN  THE  UNITED  STATES  AND  CANADA. 

TEXT  EXPLAINS  SURVEY  METHODS  USED.  SOME 
HISTORICAL  RECORDS  AND  LITERATURE  RECORDS 
HAVE  BEEN  INCLUDED.  BLACK  £  WHITE  DRAWING. 


$5.00  A  COPY  WRITE  CHECK  TO:  "VIRGINIA  HERPETOLOGICAL  SURVEY" 


RETURN  THIS  STUB  WITH  CHECK  OR  MONEY  ORDER  TO: 


COORDINATOR,  V.H.  SURVEY 
RT.  #1,  BOX  381, 
PURCELLVILLE,  VA  22132 


I  ENCLOSE  A  CHECK/MONEY  ORDER  FOR  COPY  (lES)  OF  THE  120-PAGE  BOOKLET 

"VIRGINIA'S  AMPHIBIANS  AND  REPTILES:  A  DISTRIBUTIONAL  SURVEY." 

SEND  TO:  - - - - name 

- - - - - - ADDRESS 

- - - - -  POST  OFFICE 


—  STATE 


ZIP 


The  Virginia  Academy  of  Science  Is  a  non-profit  organization  dedicated 


...to  establish  and  maintain  in  Virginia  for  scientific 
and  educational  purposes  an  association  of  persons  and 
organizations  interested  in  science  and  scientific 
research  in  all  of  its  branches:  to  solicit  financial 
and  other  support;  to  cooperate  with  educational 
institutions,  industries,  and  state  agencies  in 
fostering  an  interest  in  scientific  matters,  in 
promoting  scientific  investigations  and  in  spreading 
knowledge  of  sciences;  to  provide  a  forum  for  the 
presentation  and  discussion  of  papers  on  scientific 
subjects  and  facilities  for  their  publication;  to 
provide  opportunities  for  the  cooperation  and 
fellowship  among  its  members;  and  generally,  in  doing 
these  things,  to  benefit  not  only  its  own  members,  but 
to  promote  the  civic,  agricultural,  academic, 
industrial  and  commercial  welfare  of  the  people  of 
Virginia. 

The  Virginia  Journal  of  Science  is  the  official  publication  of  the  Virginia 
Academy  of  Science.  It  is  a  peer  review  journal  which  welcomes  for 
consideration  original  articles  and  short  notes  in  the  various  disciplines  of 
engineering  and  science.  Cross-disciplinary  papers  dealing  with  advancements 
in  science  and  technology  and  the  impact  of  these  on  man  and  society  are 
particularly  welcome.  The  Journal  has  wide  distribution  outside  of  Virginia. 


1985  subscription  distribution  is  shown  below: 


STATE  NUMBER 

Alabama  1 
Arizona  2 
California  5 
Colorado  1 
District  of  Columbia  3 
Florida  2 
Georgia  2 
Illinois  3 
Kansas  1 
Lou i Sana  1 
Massachusetts  2 
Maryland  2 
Michigan  4 
Minnesota  1 
Missouri  3 
Mississippi  1 
North  Carolina  5 
Nebraska  2 
New  Jersey  3 
New  York  3 
Ohio  3 
Oregon  1 
Pennsylvania  4 
Rhode  Island  1 
South  Dakota  1 
Tennessee  4 
Texas  3 
Utah  1 
Washington  1 
Wisconsin  1 
West  Virginia  2 
Wyoming  2 


COUNTRY  NUMBER 

Australia  4 
Belgium  3 
Berlin  1 
Brazil  1 
Canada  3 
China  1 
Columbia  1 
Cuba  1 
Czechoslovakia  1 
Denmark  1 
E.  Germany  2 
England  3 
Finland  5 
Holland  2 
Hong  Kong  1 
India  1 
Japan  3 
Mexi CO  1 
Mocambique  1 
New  Zealand  3 
Norway  1 
Poland  2 
Romania  2 
Spain  1 
Sweden  5 
Switzerland  1 
USSR  3 
W.  Germany  2 


MEMBERSHIP 

Membership  in  the  Academy  is  organized  into  sections  repre¬ 
senting  various  scientific  disciplines  as  follows: 


1.  Agricultural  Sciences 

9.  Medical  Sciences 

2.  Astronomy,  Mathematics 

10.  Psychology 

&  Physics 

11.  Education 

3.  Microbiology 

12,  Statistics 

4.  Biology 

13.  Space  Science  & 

5.  Chemistry 

Technology 

6.  Materials  Science 

14,  Botany 

7.  Engineering 

15.  Environmental 

8.  Geology 

Science 

Annual  Membership  Dues  - 

—  Includes  subscription  to 

Virginia  Journal  of  Science 

Approved  May  2,  1985  — 

Effective  January  1,  1986 

Student . . . 

. . . $  10.00 

Regular— Individual . 

.  25.00 

Contributing— Individual . 

. . .  30.00 

Sustaining — ^Individual ........ 

. .  50.00 

Sustaining — Institution . 

.  100.00 

Business— Regular . 

. .  100.00 

Business — Contributing ... _ 

.  300.00 

Business — Sustaining . . . . . 

. .  500.00 

Life— Individual . . . 

. .  300.00 

APPLICATION  FOR  MEMBERSHIP 

VIRGINIA  ACADEMY  OF  SCIENCE 

Department  of  Biology  —  University  of  Richmond  23173 

Date 

Name  (Please  Print)  _ _ _ _ 

Address  _ _ _ _ _ 


City  State  Zip 

Institution  or  Business  _ _ _ _ _ _ _ 

Position  —  Title  .  . . . 

Fields  of  Interest  —  Section  No.  First  No.  indicates  major  interest 

Class  of  Membership  Desired  _ _ _ _ _ _ 

Contacted  by:  _ _ _ _ _ _ _ _ _ 

Make  check  payable  to  VIRGINIA  ACADEMY  OF  SCIENCE  and  send  to  above  address. 


CALL  FOR  PAPERS 


1986  Carnahan  Conference  on  Harmonizing  Technology  with  Society 
June  26“27,  1986,  University  of  Kentucky,  Lexington 


SPONSORS: 

University  of  Kentucky  College  of  Engineering 
Electrical  Engineering  Department 

Institute  of  Electrical  and  Electronics  Engineers 
Lexington  Section 

Social  Implications  of  Technology  Society 

COOPERATING  ORGANIZATIONS: 

University  of  Kentucky 
College  of  Medicine 
College  of  Arts  and  Sciences 

American  Physical  Society 

Forum  on  Physics  and  Society 
Union  of  Concerned  Scientists 

PURPOSE:  Robotics,  automation  and  artificial  intelligence  will  soon  be 
capable  of  destroying  the  foundation  of  our  work-based  society.  The  purpose 
of  this  conference  is  to  address  the  resulting  crisis  and  to  explore 
accommodations  to  technology  which  are  more  responsive  to  the  needs  of  man, 
minimize  dependency  and  enable  all  to  become  free  and  responsible  members  of  a 
worthy  society.  Especially  welcome  are  participants  searching  for  new  ideas 
and  willing  to  share  their  own. 

SUGGESTED  TOPICS:  To  more  clearly  define  the  scope  of  the  conference,  a  list 
of  appropriate  topics  is  provided.  These  topics  are  suggestive  only. 
Relevant  papers  are  solicited  which  show  how  technology--the  most  powerful 
force  in  the  world  today--can  encourage  the  human  use  of  human  beings,  or  else 
produce  a  world-wide  catastrophe.  How  best  may  we  realize  Einstein's 
blessings? 

APPROPRIATE  TOPICS:  Computer  driven  automation  and  the  collapse  of  work. 
Production  and  distribution  in  the  work-free  society.  Prosperity  through 
technology  driven  abundance.  Peace  through  technology  driven  prosperity. 
Economics  of  scarcity  in  an  ambience  of  abundance. 

Mail  Abstracts  to:  John  Jackson,  Conference  Director 
Electrical  Engineering  Department 
University  of  Kentucky 
Lexington,  Kentucky  40506-0046  USA 
(606)257-3926 

ABSTRACT  DEADLINE:  March  31,  1986 


"VERTEBRATE  LIFE  HISTORIES  IN  VIRGINIA" 

A  symposium  on  "Vertebrate  Life  Histories  in  Virginia"  will  be  included  as 
part  of  the  Biology  Session  at  the  May  13-16,  1986  meeting  of  the  Virginia 
Academy  of  Science  in  Harrisonburg,  Virginia.  Researchers  working  on  life 
histories  (broadly  defined)  of  Virginia  vertebrate  species  are  encouraged  to 
apply.  Publication  of  the  proceedings  is  anticipated.  Contact  Dr.  Joseph  C. 
Mitchell,  Department  of  Biology,  University  of  Richmond,  Richmond,  Virginia 
23173  (804-289-8234)  for  details. 


VIRGINIA  ACADEMY  OF  SCIENCE 
SUSTAINING  MEMBERS 


Bridgewater  College 
Christopher  Newport  College 
College  of  William  and  Mary 
George  Mason  University 
Hampden-Sydney  College 
Lynchburg  College 
James  Madison  University 
Mathematics  &  Science  Center 
Old  Dominion  University 
Radford  University 
Randolph  Macon  College 
Roanoke  College 
University  of  Richmond 
University  of  Virginia 
Virginia  Commonwealth  University 
Virginia  Military  Institute 
Virginia  Polytechnic  Institute 
and  State  University 
Virginia  Union  University 
Washington  &  Lee  University 


American  Society  Civil  Engineers  — 
Va.  Section 

Science  Museum  of  Virginia 
Society  of  the  Sigma  XI 
VPI&SU  Chapter 
Virginia  Blue  Ridge  Section 
American  Chemical  Society 
Virginia  Psychological  Assoc. 


Lynn  D.  Abbott,  Jr. 

Daniel  P.  Ahearne 
Lee  S.  Anthony 
Robert  V.  Blanke 
Arthur  W.  Burke,  Jr. 

G.  W.  Chandler 
Donald  G.  Cochran 
James  W.  Cole,  Jr. 

Donald  R.  Cottingham 
Loyal  H.  Davis 
Robert  Jamieson  Faulconer 
Ray  A.  Gaskins 
Edward  T.  Harrison,  Jr. 
William  P.  Harrison,  Jr. 
Mrs.  Roscoe  D.  Hughes 
Philip  B.  Hylemon 
W.  T.  Joyner 
Maurice  P.  Lynch 
James  W.  Midyette,  Jr. 
Sharon  Myers 
Jean  E.  Pugh 
Vera  B.  Remsburg 
Dr,  Randal  M.  Robertson 
Stephen  V.  Romanoff 
Edgar  V.  Russell,  Jr. 
Cameron  B.  Satterthwaite 
John  W.  Stewart 
Jackson  J.  Taylor 
Eleanor  Tenney 
Wilton  R.  Tenney 
R.  K.  Toney 
William  J.  Watt 


BUSINESS  MEMBERS 
REGULAR 

Southern  Bank  and  Trust  Co. 

United  Virginia  Bank 
Universal  Leaf  Tobacco  Co.,  Inc. 

Virginia  Chemicals,  Inc. 

Virginia  Electric  and  Power  Company 
Virginia  Section  —  American  Chemical  Society 

SUSTAINING 

American  Tobacco  Company 
Ethyl  Corporation 
Philip  Morris  USA 

A.  H.  Robins  Company 


American  Filtrona  Corporation 
Bunton  Instrument  Co.,  Inc. 
Carolina  Biological  Supply  Co. 
The  C&P  Telephone  Co.  of  Va. 
Central  Fidelity  Bank 
Merck  &  Company,  Inc. 
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